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BUFFON’S 


NATURAL  HISTORY. 


OF  THE  DEGENERATION  OF  ANIMALS. 


^“T^HE  deer-kind  whofe  horns  are  a fort  of 
wood,  and  of  folid  texture,  although  ru- 
minant, and  internally  formed  like  thofe  whofe 
horns  are  hollow  and  porous,  feem  to  form  a 
feparate  family,  in  which  the  elk  is  the  trunk, 
and  the  rein-deer,  flag,  axis,  fallow-deer,  and 
roe-buck,  are  thelelfer  and  collateral  branches  ; 
for  there  are  only  fix  fpecies  of  animals  whofe 
heads  are  armed  with^branchedhornswhich  fall 
off  and  are  renewed  every  year.  Independent 
of  this  generic  chara£ler,  they  refemble  each 
other  Hill  more  by  the  formation  and  natural 
habitude  ; we  fhould,  therefore,  fooner  expe£t 
mules  from  the  flag  or  fallow-deer,  joined  with 
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the  rein-deer  or  the  axis,  than  from  an  union 
of  the  flag  with  the  cow. 

We  might  be  ftil!  better  authorifed  to  regard 
all  the  different  kinds  of  flieep  and  goats,  as 
compofing  but  one  family,  fince  they  produce 
together  mules,  which  immediately,  and  in  the 
firft  generation,  afeend  to  the  fpecies  of  the 
iheep.  We  might  even  add  to  this  numerous 
family  of  flieep  and  goats,  thofe  of  the  gazelles 
and  bubalus,  which  are  not  lefs  in  number. 
The  muflon,  the  wild  goat,  the  chamois,  the 
antelope,  the  bubalusi  the  condoma,  &c.  feem 
to  be  the  principal  trunks  of  this  genus,  which 
contains  more  than  thirty  different  fpecies,  and 
the  others  only  acceffary  branches  which  have 
retained  the  principal  charafters  of  the  flocks 
from  which  they  ilfued  ; but  which,  at  the  fame 
time,  have  prodigioufly  varied  by  the  influence 
of  the  climate,  the  difference  of  the  food,  and 
by  the  ftate  of  flavery  to  which  man  has  re- 
duced moft  animals. 

The  dog,  the  wolf,  the  fox,  thejackal,  and 
the  ifatis,  form  another  genus,  the  different  fpe- 
cics  of  which  refemble  each  other  fo  flrongly, 
efpccially  in  their  internal  conformation,  and 
the  organs  of  generation,  that  it  is  difficult  to 
conceive  why  they  do  not  intermix.  From 
the  experiments  I made  to  form  an  union 
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of  the  dog  with  the  wolf  and  fox,  the  repug- 
nance to  copulate  feemed  to  proceed  from  the 
wolf  and  fox  rather  than  from  the  dog,  that  is 
from  the  wild  animal  and  not  from  the  tame, 
for  thofe  bitches  which  I put  to  the  trial  would 
readily  have  permitted  the- wolf  and  fox,  where- 
as the  females  of  the  two  latter  would  never 
fuffer  the  approaches  of  the  dog.  The  do- 
meftic  ftate  feems  to  render  animals  lefs  faith- 
ful to  their  fpecies;  it  gives  them  alfo  a greater 
degree  of  heat  and  fecundity,  for  the  bitch 
generally  produces  twice  in  a year,  while  the 
females  of  the  wolf  and  fox  litter  only  once  ; 
and  it  is  to  be  prefumed,  that  thofe  dogs  which 
have  been  left  in  defart  countries,  as  thofe  fo 
greatly  multiplied  in  the  ifland  of  Juan  Fer- 
nandes, and  in  the  mountains  of  St.  Domingo, 
produce  only  once  a year,  like  the  wolf  and  the 
fox.  This  circumftance,  if  it  was  proved  to 
be  the  fa£l,  would  fully  eftablifh  the  unity  of 
genus  in  thefe  three  animals,  which  fo  ftrongly 
refemble  each  other  by  conformation  as  to  oblige 
us  to  attribute  their  repugriance  to  fonie  exter- 
nal circumflances. 

The  dog  feems  to  be  the  intermediate  fpccies 
between  the  fox  and  the  wolf.  The  ancients 
have  ftated,  that  the  dog,  in  fome  countries, 
and  under  particular  circumflances,  engenders 
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with  the  wolf  and  fox.  I was  defirous  of  ve- 
rifying this  aflerlion,  and  although  I did  not 
fucceed  in  the  trials  I made  we  mull  not  con- 
clude that  it  is  impoflible,  for  my  experiments 
were  with  captive  animals  ; and  it  is  known 
that  in  fome  fpecies  captivity  alone  is  fufficient 
to  extinguifh  the  defire,  and  give  them  a re- 
pugnance to  copulation,  even  with  their  own 
kind  ; but  I am  perfuaded,  that  when  in  a (late 
of  freedom,  and  deprived  of  his  own  female, 
the  dog  would  unite  with  the  wolf  and  fox, 
particularly  if  he  had  become  wild,  loft  his  do- 
meftic  caft,  and  approached  the  manners  and 
natural  habits  of  thefe  animals.  The  fox  and 
wolf,  however,  never  unite,  though  they  live  in 
the  fame  climate  and  country,  but  fupport  their 
fpecies  pure  and  unmixed ; we  muft,  therefore, 
fuppofe  a more  ancient  degeneration  than  the 
records  of  hiftory  if  they  ever  belonged  to  one 
fpecies  ; it  was  for  this  reafon  I aftbrted  that 
the  dog  was  an  intermediate  fpecies  between 
the  fox  and  w^olf ; and  his  fpecies  is  alfo  com- 
mon, fince  it  can  unite  with  both  ; and  if  any 
thing  could  (hew  that  they  all  three  originally 
fprang  from  the  fame  (lock,  it  is  this  common 
affinity  between  the  dog,  the  fox,  and  the  wolf, 
and  w'hich  feems  to  bring  their  fpecies  nearer 
than  all  the  conformities  in  their  figorres  and 
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organization.  To  reduce  the  fox  and  wolf, 
therefore,  into  one  fpecies,  we  muff  return  to 
a date  of  nature  very  ancient  indeed  ; but  in 
their  adlual  condition,  as  they  at  prefent  are,  we 
mull  look  upon  the  wolf  and  fox  as  the  diief 
trunks  in  the  genus  of  the  five  animals.  The 
dog,  the  jackal,  and  the  ifatis,  are  only  lateral 
branches  placed  between  the'two  firft ; the 
jackal  participates  of  the  dog  and  wolf,  and  the 
ifatis  of  the  jackal  and  fox.  By  a great  num- 
ber of  teftimonies  it  appears  that  the  jackal  and 
the  dog  feem  to  engender  readily  together ; 
and  it  is  obfervable,  from  the  defcription  and 
hiftory  of  the  ifatis,  that  it  almoft  entirely  re- 
fembles  the  fox  in  its  form  and  temperament, 
that  they  are  equally  found  in  cold  countries, 
but  that,  at  the  fame  time,  it  inclines  to  the 
jackal  in  its  difpofition,  continual  barking,  cla- 
morous voice,  and  the  habit  of  always  going  in 
packs. 

The  fliepherd’s  dog,  which  I have  confidered 
as  the  original  flock  of  every  other  dog,  is,  at 
the  fame  time,  that  which  approaches  neareft 
in  figure  to  the  fox.  He  is  of  the  fame  fize, 
and,  like  the  fox,  he  has  eredl  ears,  a pointed 
muzzle,  and  a flrait  trailing  tail.  He  alfo 
draws  near  the  fox  by  voice,  fagacity,  and 
inflindl.  The  dog,  therefore,  may  originally 
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have  been  the  ifTue  of  the  fox,  if  not  in  a dire£l 
at  leafi  in  a collateral  line.  The  dog,  which 
Ariftotle  calls  canis-laconicus,  and  which  he  af- 
firms to  have  proceeded  from  an  union  of  the 
fox  and  dog,  might,  poflibly,  be  the  fame  as 
the  fliepherd’s  dog,  or,  at  leaft,  it  has  more 
relation  to  him  than  any  other  dog.  We 
might,  therefore,  be  inclined  to  imagine,  that 
the  epithet  laccnicus,  left  uninterpreted  by 
Ariftotlc,  was  only  given  to  this  dog  becaufe  he 
was  found  in  Laconia,  a province  of  Greece  ; 
but  if  we  attentively  confider  the  origin  of  this 
laconic  dog,  w'e  fhall  perceive  that  the  breed  was 
not  confined  to  the  country  of  Laconia  alone, 
but  mufl;  have  been  found  in  every  country 
where  there  are  foxes  ; and  this  induces  me  to 
prefume,  that  the  epithet  laconicus  might  pof- 
fibly  have  been  ufed  by  Ariftotlc  to  exprefs 
the  brevity  and  acutenefs  of  his  voice,  becaufe 
he  did  not  bark  like  other  dogs,  but  had  a 
(hnrter  and  fliriller  note,  like  that  of  the  fox. 
Now  our  fhepherd’s  dog  is  that  to  v/hich  we 
can  jufily  apply  this  term  of  laconicy  for  of  all 
dogs  his  voice  is  the  fharfiefl:  and  moft  rarely 
employed.  Befides,  the  charadlers  which  Arif- 
toilc  gives  his  laconic  dog  agree  with  thofe  of 
the  fliepherd’s  dog,  and  perfedlly  perfuadesme 
they  ar6  the  fame. 
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The  germs  of  cruel  and  rapacious  animals 
is  one  of  the  moft  numerous  and  mofl  diver- 
fified  : the  lion  and  the  tiger,  being  detached 
fpecies,  rank  in  the  fird  line  ; all  the  others,  as 
the  panther,  the  ounce,  the  leopard,  the  lynx, 
the  caracal,  the  jaguar,  the  couguar,  the  ocelot, 
the  ferval,  the  margai,  and  the  cat,  compofe 
only  one  cruel  family,  whofe  different  branches 
are  more  or  lefs  extended  and  diverfified  ac- 
cording to  the  difference  of  climates.  All 
thefe  animals  refemble  each  other  in  natural 
tlifpofitions,  although  they  are  very  different 
with  refpedl:  to  fize  and  figure.  They  all 
have  fparkling  eyes,  Ihort  muzzles,  and  fharp 
crooked  and  retraftile  claws.  They  are  all 
deftruftive,  ferocious,  and  untameable.  The 
cat,  which  is  the  lafl  and  the  lead  fpecies, 
although  reduced  to  davery,  continues  its  fe- 
rocity, and  is  no  lefs  perfidious.  The  w'ild 
cat  has  preferved  the  charadfer  of  the  family, 
and  is  as  cruel  and  mifehievous  as  any  of  his 
larger  kindred.  They  are  all  alike  carnivorous, 
and  enemies  to  other  animals.  Man,  with  all 
his  art  and  power,  has  not  been  able  to  anni- 
hilate them  : fire,  deel,  poifon,  pits,  and  every 
method  has  been  ufed  againd  them  without 
attaining  that  point.  As  the  individuals  are 
very  prolific,  and  the  fpecies  numerous,  the 
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efforts  of  man  has  been  limited  to  keeping  them 
at  a diflance,  and  confining  them  in  the  de- 
farts, from  whence  they  never  fally  without 
fpreading  terror,  and  making  great  depreda- 
tions. A fingle  tiger  ilTiiing  from  the  foreft 
is  fufficient  to  alarm  a multitude  of  people,  and 
oblige  them  to  take  up  arms.  What  then  would 
be  the  confequence  if  thefe  fanguinary  animals 
came  in  numbers,  like  wolves,  or  jackals,  to 
commit  their  depredations  ? Nature  has  given 
this  infiindl  to  timid  animals,  but  fortunately 
denied  it  to  the  bold  tribes,  they  go  fingly,  and 
depend  upon  their  courage  and  ftrength  for 
their  fafety  and  fupport.  Ariftotle  obferved, 
andjufily  remarked,  that  of  all  animals  fur- 
nifhed  with  talons  not  any  of  them  are  fo- 
ciable,  or  go  together  in  troops.  This  obfer- 
vaiion,  which  was  then  confined  to  four  or  five 
fpecies  only,  which  alone  were  known  in  his 
time,  is  extended  and  verified  over  ten  or  twelve 
other  fpecies  lince  difeovered.  Other  carni- 
vorous animals,  fuch  as  the  wolf,  the  fox,  the 
dog,  the  jackal,  and  the  ifalis,  whofe  claws  are 
ftraight,  go  moftly  in  troops,  and  are  all  timid, 
and  even  cowardly. 

By  comparing  in  this  manner  every  quadru- 
ped, and  ranking  each  with  its  proper  genus, 
we  fhall  find,  that  the  two  hundred  fpecies  we 
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have  given  the  hiftory  of,  may  be  reduced  to  a 
fmall  number  of  families,  or  principal  ftems, 
from  which  it  is  not  impoffible  all  the  others 
have  derived  their  origin. 

To  place  this  redudlion  in  a regular  method 
we  (hall  obferve,  that  all  the  animals  of  the  two 
continents,  as  well  as  all  thofe  peculiar  to  the 
Old  World,  may  be  reduced  to  fifteen  genera, 
and  nine  folitary  fpecies.  Thefe  genera  are 
firft,  the  whole  hoofed  genus,  properly  fo 
called,  which  includes  the  horfe,  the  zebra, 
and  the  afs,  with  all  the  prolific  and  barren 
mules.  2.  The  large  cloven-hoofed  with  hol- 
low horns,  as  the  ox  and  the  bulfalo,  with 
their  varieties.  3.  The  fmall  cloven-hoofed 
animals  with  hollow  horns,  fuch  as  the  Iheep, 
the  goat,  the  gazelle,  the  antelope,  and  every 
other  fpecies  which  participates  of  their  nature. 
4.  The  cloven-hoofed  with  folid  horns,  which 
are  fhed  and  renewed  every  vear  ; this  family 
contains  the  elk,  the  rein-deer,  the  flag,  the 
fallow-deer,  the  axis,  and  the  rce-buck.  5. 
The  ambiguous  cloven-hoofed,  which  is  com- 
pofed  of  the  wild  boar,  and  all  the  varieties  of 
the  hog,  fuch  as  that  of  Siam,  with  a hanging 
belly,  that  of  Guinea,  with  long  ears,  pointed 
and  turned  backwards,  and  that  of  the  Canary 
iflands  with  thick  and  long  tufks,  &c.  6. 
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The  very  extenfive  race  of  digitated  carni- 
vorous anirrtals  with  crooked  and  retracElilc 
claws,  in  which  we  muft  comprehend  the  pan- 
ther, leopard,  guepard,  ounce,  fcrval,  and  cat, 
with  all  their  varieties.  7.  The  digitated 
carnivorous  animals  with  ftraight  and  fixed 
claws,  which  include  the  wolf,  fox,  jackal, 
ifatis,  and  the  dog,  with  all  their  varieties.  8. 
The  digitated  carnivorous  animals  with  fixed 
claws,  and  a pouch  under  their  tails.  This 
confifts  of  the  hyasna,  civet,  zibet,  badger,  &c. 
9.  The  digitated  carnivorous  animals  with 
long  bodies,  five  toes  to  each  foot,  and  the  great 
toe,  or  thumb,  divided  from  the  reft  ; this  ge- 
nus is  compofed  of  the  ferret,  martin,  pole-cat, 
weafcl,  fable,  ichneumon,  &c.  10.  The  nu- 

merous family  of  digitated  quadrupeds  which 
have  two  large  incifive  teeth  in  each  jaw',  and 
no  briftles  on  their  bodies  ; this  contains  the 
hare,  rabbit,  and  every  kind  of  fquirrels,  dor- 
mice, marmots,  and  rats.  ii.  The  digitated 
quadrupeds,  whofe  bodies  are  covered  with 
fpiny  quills,  as  the  porcupine  and  hedge-hog. 
12.  The  digitated  animals  covered  with  fcales, 
as  the  long  and  fliort-tailed  manis,  or  fcaly  li- 
zards. 13.  The  amphibious  digitated  genus, 
which  includes  the  beaver,  otter,  mulk-rats, 
walrus,  and  fcals.  14.  The  four-handed  genus, 
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which  comprehends  the  apes,  baboons,  mon- 
kies, makis,  loris,  &c.  15.  The  winged  qua- 

drupeds, which  includes  bats,  &c.  with  all 
their  varieties.  The  nine  detached  fpecies  are 
the  elephant,  rhinoceros,  hippopotamus,  giraffe, 
camel,  lion,  tiger,  bear,  and  mole,  which  are 
all  fubjedt  to  a greater  or  fmaller  number  of 
varieties. 

Of  thofe  fifteen  genera,  and  nine  detached 
fpecies,  feven  genera  and  two  fpecies  are  com- 
mon to  both  continents.  The  two  fpecies  are, 
the  bear  and  the  mole  ; and  the  feven  genera 
are,  1.  The  great  cloven-hoofed  with  hollow 
horns,  for  the  ox  is  found  in  America,  under 
the  form  of  the  bifon.  2.  The  cloven-hoofed, 
with  folid  horns,  for  the  elk  exifts  in  Canada, 
under  the  name  oforignal^  the  rein-deer,  under 
that  of  caribou  ; and  flags,  fallow-deer,  and 
roe-bucks,  are  found  in  all  the  provinces  of 
North  Arherica.  3.  The  digitated  carnivorous 
animals  with  fixed  claws;  for  the  wolf  and  fox 
are  found  in  the  New  World  as  well  as  in  the 
Old.  4.  The  digitated  animals  with  long 
bodies,  as  the  weafel,  martin,  and  pole-cat, 
are  met  with  in  America  as  well  as  in  Europe. 
5.  We  find  alfo  in  America,  part  of  the  digi- 
tated genus  with  two  large  incifive  teeth  in 
each  jaw,  as  the  fquirrels,  marmots,  rats,  &c. 
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6.  The  digitated  amphibious  genus,  as  the 
walrus,  feal,  beaver,  and  otter,  exift  in  the 
North  of  the  New  Continent.  ■7.  Tlie  winged 
genus  exift  alfo  in  America,  as  the  bat  and 
vampire. 

There  remains,  therefore,  only  eight  genera, 
and  five  detached  fpecies,  which  are  peculiar  to 
the  Old  Continent,  Thefe  eight  genera  are, 
a.'  The  whole  hoofed,  properly  fo  called,  for 
neither  the  horfe,  afs,  zebra,  or  mule,  were  met 
with  in  the  New  Continent.  2.  The  fmall 
cloven-hoofed  beafts  with  hollow  horns;  for 
flieep,  goats,  gazelles,  nor  antelopes  exifted  in 
America.  3.  The  family  of  hogs;  for  the 
fpccies  of  wild  boar  is  not  to  be  found  in 
America  ; and  although  the  pecari,  and  its  va- 
rieties, are  related  to  this  family,  yet  they  dif- 
fer in  a fulficient  number  of  remarkable  cha- 
racters to  juftify  their  feparation,  4.  It  is  the 
fame  with  carnivorous  animals  with  retractile 
claws ; wc  do  not  meet  with  either  the  panther, 
leopard,  guepard,  ounce,  or  ferval,  in  Ame- 
rica ; and  although  the  jaguar,  couguar,  oce- 
lot, and  margai,  feem  to  belong  to  this  family, 
there  is  not  one  of  thefe  fpecies  of  the  New 
World  found  in  the  Old,  nor  one  of  the  Old  to 
be  met  with  in  the  New.  5.  The  fame  re- 
jnark  may  be  applied  to  the  digitated  qua- 
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drupeds  whofe  bodies  are  covered  wdth  prickles ; 
for  although  the  coendou  and  the  urfon  ap- 
proach very  nigh  to  this  genus,  neverthelei's, 
thefe  fpecies  are  very  different  from  thofe  of 
the  porcupine  and  hedge-hog.  6.  The  digi- 
tated carnivorous  genus  with  fixed  claws,  and 
a pouch  under  the  tail,  for  the  hyasna,  civets, 
and  the  badger,  do  not  exift  in  America. 
'].  The  four-handed  genus,  for  neither  apes, 
baboons,  monkies,  nor  makis,  have  ever  been 
feen  in  America.  The  fapajcus,  fagoins,  opof- 
fums,  &c.  although  quadrumanous,  yet  they 
effentially  differ  from  thofe  of  the  Old  Conti- 
nent. 8.  The  digitated  genus  w’hofe  bodies  are 
covered  with  fcales  ; for  none  of  the  fcaly  li- 
zards are  found  in  America,  and  the  ant-eaters 
to  whom  they  may  be  compared,  are  cover- 
ed with  hair,  and  differ  too  much  from  the 
fcaly  lizards  to  be  confidered  of  the  fame 
family. 

Of  the  nine  detached  fpecies,  feven,  namely 
the  elephant,  rhinoceros,  hippopotamus, giraffe, 
camel,  lion,  and  tiger,  are  found  only  in  the 
Old  World  ; and  two,  viz.  the  bear  and  m.cle, 
are  common  to  both  continents. 

If  we,  in  the  fame  manner,  enumerate  the 
animals  which  are  peculiar  to  the  New  World, 
w'e  fhall  find,  that  there  are  about  fifteen  dif- 
ferent 
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fcrent  fpecics  which  may  be  reduced  to  ten 
genera  and  four  detached  fpecies.  Thefe  four 
fpecics  are  the  tapir,  the  cabiai,  the  lama,  and 
the  pecari  ; but  there  is  only  the  tapir  w'e  can 
abfohitely  term  detached  ; for  the  pecari  has 
varieties  ; and  the  pacos  may  be  united  to  the 
lama,  and  the  Guinea  hog  to  the  cabiai.  The 
ten  genera  arc,  i.  Eight  fpecies  of  fapajous. 
2.  Six  fpecies  of  fagoins.  3.  The  opolTums, 
phalangcrs,  tarficrs,  See.  4.  The  jaguars,  cou- 
guars,  ocelots,  margais,  &c.  5.  Three  or  four 

fpecies  of  coaitis.  6.  P'our  or  five  fpecics  of 
moiifFettes.  7.  The  agouti  genus,  which  com- 
prehends theacouchi,  thepaca,  the  aperea,  and 
the  tapeti.  8.  That  of  the  armadillos  which 
confifis  of  feven  or  eight  fpecics.  9.  Two  or 
three  fpecies  of  ant-eaters;  and,  lothly,  Tha 
floth,  of  which  we  are  acquainted  with  but 
two  fpecies. 

• Now  thefe  ten  genera,  and  four  detached  fpe- 
cics,  to  which  all  the  animals  peculiar  to  the 
New  World  may  be  reduced,  though  they  differ 
from  thofe  of  the  Old  Continent,  ncverthelefs 
have  fome  relations  which  feem  to  indicate 
fome  common  affinity  in  their  formation,  and 
lead  us  to  caufes  of  degeneration  more  an- 
cient than  any  of  the  reft.  We  have  already 
made  the  general  remark  that  all  animals  of  the 
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New  World,  were  much  fmaller  than  thofe  of 
the  Old.  This  great  diminution  in  fize,  what- 
ever may  be  the  caufe,  is  a primary  kind  of  de- 
generation, which  could  not  be  made  without 
having  a great  influence  on  the  figure  of  the 
animal,  and  we  mull;  not  lofe  fight  of  this  ef- 
fe£l  in  comparing  them  together. 

The  largelt  is  the  tapir,  which  can  only  be 
compared  with  the  elephant,  rhinoceros,  and 
hippopotamus  ; though  he  is  not  above  the  fize 
of  an  afs,  he  claims  the.  firfl;  place  for  fize  in 
the  New  Continent,  as  the  elephant  does  in 
the  Old.  Like  the  rhinoceros,  his  upper  lip 
is  mufcular  and  projefting  ; and,  like  the  hip- 
popotamus, he  often  enters  the  water.  In  fome 
refpedls  he  reprefents  them  all  three,  and  his 
figure,  which  partakes  more  of  the  afs  than  of 
any  other  animal,  feems  to  be  as  degraded  as  his 
llature  is  diminifhed.  The  horfe,  the  afs,  the 
zebra,  the  elephant,  the  rhinoceros,  and  the 
hippopotamus,  had  no  exiflence  in  America  ; 
neither  was  there  an  animal  in  this  New  Con- 
tinent which  could  be,  compared  with  them, 
cither  with  refpedl  to  fize  or  figure.  The  ta- 
pir appears  to  have  fome  affinity  to  the  whole 
of  the  fpecies,  but  he  is  fo  mixed,  and  ap- 
proaches fo  little  to  any  one  of  them  that  it  is 
not  poffible  to  attribute  his  origin  to  any  par- 
ticular 
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ticiilar  fpccies.  And,  notwithftanding  thefc 
trifling  relations  he  is  found  to  have  with  the 
rhinoceros,  the  hippopotamus,  and  the  afs,  we 
mufl:  look  on  him  not  only  as  a peculiar  fpe- 
cies,  but  even  as  a Angular  genus. 

The  tapir,  therefore,  does  not  belong  to  any 
fpecies  of  the  Old  Continent,  and  fcarcely 
bears  any  chara£lers  which  approximate  him 
to  thofe  animals  we  have  juft  been  comparing 
him.  The  nature  of  the  cabiai  is  likewife 
averfe  to  our  comparifon  : externally  he  has 
no  refemblance  with  any  other  animal,  and 
only  approaches  the  Indian  hog  of  the  fame 
continent,  by  his  internal  parts,  and  both  fpe- 
cies are  abfolutely  different  from  all  thofe  of 
the  Old  Continent. 

The  lama  and  pacos  appear  to  have  more 
Agnificant  marks  of  their  ancient  parents  : the 
Arft  with  the  camel,  and  the  fecond  with  the 
Iheep.  The  lama,  like  the  camel,  has  a long 
neck  and  legs,  {lender  head,  and  the  upper  lip 
divided.  He  refembles  the  camel  alfo  by  his 
gentle  manners,  fervility  of  difpoAtion,  endu- 
rance of  thirft,  and  aptnefs  for  labour.  This 
was  the  Arft  and  moft  ufeful  domeftic  ani- 
mal of  the  Americans : they  made  ufe  of  him 
to  carry  burdens,  in  the  fame  manner  as  the 
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Acient 


NATURAL  HISTORY. 


17 


ficient  refemblances  in  the  nature  of  thefe  two 
animals,  to  which  we  can  yet  add  the  permanent 
marks  of  labour  ; for  though  the  back  of  the 
lama  is  not  deformed  by  bunches  like  that  of 
the  camel,  he,  neverthelefs,  has  callofities  on 
his  breaft,  occafioned  by  the  like  habit  he  is 
ufed  to  of  refting  on  that  part  of  his  body. 
Notwithftanding  all  thefe  affinities  the  lama  is 
a very  diftin£l;  and  different  fpecies  from  that 
of  the  camel.  He  is  much  fmaller,  not  ex- 
ceeding a fourth  or  a third  part  of  the  camel’s 
magnitude.  The  ffiape  of  his  body,  and  the 
quality  and  colour  of  his  hair,  are  alfo  very 
different.  His  temperament  is  ftill  more  fo, 
for  he  is  a phlegmatic  animal,  and  delights 
only  to  live  on  the  mountains,  whereas  the 
camel  is  of  a dry  temperament,  and  willingly 
inhabits  the  moft  fcorching  fands.  On  the 
whole,  there  are  more  fpecific  differences  be- 
tween the  camel  and  the  lama  than  between 
the  camel  and  the  giraffe.  Thefe  three  ani- 
mals have  many  characters  in  common,  by 
which  they  might  be  united  to  one  genus,  but, 
at  the  fame  time,  they  differ  fo  much  in  other 
refpeCts  that  we  cannot  fuppofe  them  to  be  the 
iffue  of  one  another  ; they  are,  therefore,  only 
neighbours  and  not  relations.  The  height  of 
the  giraffe  is  nearly  double  that  of  the  camel, 
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and  the  camel  double  that  of  the  lama.  The 
two  firft  belong  to  the  Old  Continent,  and 
form  feparate  fpecies.  The  lama,  therefore, 
which  is  only  found  in  the  New,  muft  be  a 
dillin£l  fpecies  from  both. 

It  is  not  the  fame  with  refpeft  to  the  pecari, 
for  though  a different  fpecies  from  the  hog,  he, 
neverthelefs  belongs  to  the  fame  genus.  He 
refembles  the  hog  in  fhape  and  almoft  every 
external  relation,  and  only  differs  from  that 
animal  in  fome  trifling  charafters,  fuch  as  the 
aperture  on  his  back,  fliape  of  the  flomach, 
inteftines,  &c.  We  might,  therefore,  be  led 
to  fuppofe  that  this  animal  fprung  from  the 
fame  flock  as  the  hog,  and  formerly  he  had 
paffed  from  the  Old  World  to  the  New,  where, 
by  the  influence  of  the  foil,  he  had  degenerated 
to  fo  great  a degree  as  now  to  conflitute  a dif- 
lin6l  fpecies. 

With  regard  to  the  pacos,  though  it  appears 
to  have  fome  affinities  with  the  fheep,  by  the 
wool  and  habit  of  body,  it  differs  fo  greatly  in 
every  other  refpe£l,  that  it  cannot  be  looked 
on  as  a fpecies  which  are  either  neighbours  or 
allies.  Tlie  pacos  is  rather  a fmall  lama,  and 
has  not  a fingle  mark  which  indicates  its 
having  paffed  from  one  continent  to  the  other. 
Thus  of  the  four  detached  fpecies  peuliar  to 
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the  New  World,  three,  namely,  the  tapir,  the 
cabiai,  the  lama,  the  pacos,  appear  to  belong 
originally  to  this  continent,  whereas  the  pecari, 
which  forms  the  fourth,  feems  to  be  only  a 
degenerated  fpecies  of  the  hog,  and  to  have 
formerly  derived  its  origin  from  the  Old  Con- 
tinent. 

By  examing  and  comparing,  in  the  fame 
manner,  the  ten  genera,  to  which  we  have 
reduced  the  other  animals  peculiar  to  South 
America,  we  fhall  difcover,  not  only  fingular 
relations  in  their  nature  but  marks  of  their 
ancient  origin  and  degeneration.  The  fapajous 
and  fagoins  bear  fo  great  a refemblance  to  the 
monkies,  that  they  are  commonly  included 
under  that  name.  We  have  proved,  however, 
that  their  fpecies,  and  even  their  genera,  are 
different.  Befides,  it  would  be  very  difficult  to 
conceive  how  the  monkies  of  the  Old  Con- 
tinent could  affume  in  America  a different- 
fhaped vifage,  along,  mufcular,  and  prehenfile 
tail,  a large  partition  between  the  noftrils,  and 
other  charadfers,  both  fpecific  and  generic,  by 
which  we  have  diftinguiffied  and  feparated 
them  from  the  fapajous.  But  as  the  monkies, 
apes,  and  baboons,  are  only  found  in  the  Old 
Continent,  we  muff  look  upon  the  fapajous 
and  fagoins  as  their  reprefentatives  in  the  New, 
D 2 for 
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for  thefe  animals  have  nearly  the  fame  form, 
as  well  externally  as  internally,  and  alfo  have 
many  things  in  common  in  their  natural  habits 
and  difpofitions.  It  is  the  fame  with  refpedfto 
the  makis,  none  of  which  are  found  in  Ame- 
rica, yet  they  feem  to  be  reprefented  there  by 
the  opolTums,  or  four-handed  animals,  with 
pointed  muzzles,  which  are  found  in  great 
numbers  in  the  New  Continent,  but  exiftnot 
in  the  Old.  We  mull,  however,  obTerve,  that 
there  is  much  more  difference  between  the 
nature  and  the  form  of  the  makis,  and  of  thefe 
four-handed  American  animals  than  between 
the  monkies  and  the  fapajous;  and  that  there  is 
fo  great  a diftance  between  the  opoffums  and 
the  maki  that  we  cannot  form  an  idea  that  the 
one  ever  proceeded  from  the  other,  without  fup- 
pofing  that  degeneration  can  produce  effe£ls 
equal  to  thofe  of  a new  nature;  for  the  greateft 
number  of  thefe  American  four-handed  ani- 
mals have  a pouch  under  the  belly,  ten  incifive 
teeth  in  each  jaw,  and  a prehenfile  tail ; whereas 
the  maki  has  a flaccid  tail,  no  pouch  under  the 
belly,  and  only  four  incifive  teeth  in  the  upper 
jaw,  and  fix  in  the  lower;  therefore,  though  all 
thefe  animals  have  hands  and  fingers/ of  the 
fame  form,  and  alfo  refemblc  each  other  in  the 
elongation  of  the  muzzle,  yet  their  fpecies, 
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and  even  tlieir  genera,  are  fo  different,  that  we 
cannot  imagine  them  to  be  one  and  the  fame 
iffue,  or  that  fuch  great  and  general  difparities 
have  ever  been  produced  by  degeneration. 

On  the  other  hand,  the  tigers  of  America, 
which  we  have  indicated  by  the  names  of  ja- 
guars, couguars,  ocelots,  and  margais,  though 
different  in  fpecies  from  the  panther,  leopard, 
ounce,  guepard,  and  ferval,  of  the  Old  Con- 
tinent, are,  neverthelefs,  of  the  fame  genera. 
All  thefe  animals  greatly  refemble  each  other, 
as  much  externally  as  internally  ; they  have 
alfo  the  fame  natural  difpofitions,  the  fame  fe- 
rocity, the  fame  vehement  thirft  for  blood,  and 
what  approximates  them  fllll  nearer  in  genus, 
thofe  which  belong  to  the  fame  continent  differ 
more  from  each  other  than  from  thofe  of  the 
other  Continent.  For  inftance,  the  African 
panther  differs  lefs  from  the  Brafilian  jaguar 
than  the  latter  does  from  the  couguar,  though 
they  are  natives  of  the  fame  country.  The 
Afiatic  ferval,  and  the  margai  of  Guiana,  like- 
wife  differ  lefs  from  one  another  than  from  the 
fpecies  peculiar  to  their  own  continents.  We, 
therefore,  mayjuftly  fuppofe,that  thefe  animals 
had  one  common  origin,  and  that,  having  for- 
merly paffed  from  one  continent  to  the  other, 
their  ,a<3:ual  differences  have  proceeded  only 

from 


22 


buffon’s 


from  the  long  influence  of  their  new  fituation. 
The  mouffettes,  or  flinkards,  of  America,  and 
the  polecat  of  Europe,  feem  to  be  of  the  fame 
genus.  In  general,  when  a genus  is  common 
to  both  continents  the  fpecies  which  compofe 
it  are  more  numerous  in  the  Old  than  in  the 
New  ; but  in  this  inflance  it  is  quite  the  con- 
trary, for  there  are  four  or  five  kinds  of  pole- 
cats in  America,  while  we  have  only  one,  the 
nature  of  which  is  inferior  to  that  of  all  the 
reft  ; fo  that  the  New  World,  in  its  turn,  feems 
to  have  reprefentatives  in  the  Old  ; and  if  we 
judged  only  from  the  fa£l  we  might  think  thefe 
animals  had  taken  the  oppofite  road,  and  paflTed 
from  America  to  Europe.  It  is  the  fame  with 
refpe£l  to  fome  other  fpecies.  The  roe-bucks 
and  the  fallow-deer,  as  well  as  the  ftinkards, 
are  more  numerous,  larger,  and  ftronger  in  the 
New  Continent  than  in  the  Old  ; we  might, 
therefore,  imagine  them  to  be  originally  na- 
tives of  America  ; but  as  we  cannot  doubt  but 
that  every  animal  was  created  in  the  Old  Con- 
tinent, we  muft,  confequently,  admit  of  their 
migration  from  the  Old  to  the  New  World, 
and  at  the  fame  time  fuppofe,  that  inftead  of 
having  degenerated,  like'  other  animals,  they 
have  improved  their  original  nature  by  the  in- 
fluence of  the  foil  and  climate. 
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The  ant-eaters,  which  are  fingular  animals, 
and  of  which  there  are  three  or  four  fpecies  in 
the  New  World,  feem  alfo  to  have  their  repre- 
fentatives  in  the  Old.  The  fcaly  lizards  re- 
femble  them  in  the  peculiar  charafter  of  hav- 
ing no  teeth,  and  of  being  obliged  to  put  out 
their  tongues,  and  feed  upon  ants  ; but  if  we 
would  fuppofe  them  to  have  one  common  ori- 
gin, it  is  ftrange,  that  inflead  of  fcales,  with 
which  they  are  covered  in  Afia,  they  are  clothed 
with  hair  in  America. 

With  refpedl  to  the  agoutis,  pacos,  and  other 
animals  of  the  feventh  genus  peculiar  to  the 
New  Continent,  we  can  only  compare  them 
with  the  hare  and  rabbit,  from  which,  how- 
ever, they  all  differ  in  fpecies.  What  renders 
their  being  of  a common  origin  doubtful  is,  the 
hare  being  difperfed  alraoft  over  every  climate 
of  the  Old  Continent,  without  having  under- 
gone any  other  alteration  than  in  the  colour  of 
its  hair.  We  cannot,  with  any  foundation, 
therefore,  imagine  that  the  climate  of  America 
has  fo  far  changed  the  nature  of  our  hares  to  fo 
great  a degree  as  to  make  them  tapetis  or  ape- 
reas,  which  have  no  tail  ; or  agoutis  with 
pointed  muzzles,  and  Ihort  round  ears ; or 
pacos,  with  a large  head,  Ihort  ears,  and  a 
coarfe  hair  marked  with  white  fbipes. 
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On  the  U’hole,  the  coaitis,  the  armadillos, 
and  the  floths,  are  fo  different,  not  only  in  fpe- 
cies,  blit  alfo  in  genus,  from  every  animal  of 
the  Old  World,  that  we  cannot  compare  them 
with  any  one;  it  is  alfo  impoflible  to  refer  them 
to  any  common  origin,  or  attribute  to  the  ef- 
fects of  degeneration  the  prodigious  differences 
found  in  their  nature  from  that  of  every  other 
animal. 

Thus,  of  ten  genera,  and  four  detached 
fpecies,  to  which  w'e  have  endeavoured  to  re- 
duce all  the  animals  peculiar  to  the  New 
World,  there  are  only  two,  the  genus  of  the 
jaguars,  ocelots,  &c.  and  the  fpecies  of  the 
pecari,vvith  their  varieties,  which'can  w’ith  any 
foundation  be  connedled  with  the  animals  of 
the  Old  Continent.  The  jaguars  and  ocelots 
may  be  regarded  as  a fpecies  of  the  leopard  or 
panther,  and  the  pecari  as  a fpecies  of  hog. 
After  thefe  aie  five  genera  and  one  detached 
fpecies,  namely,  the  fpecies  of  the  lama  and  the 
genera  of  fapajous,  fagoins,  ftinkards,  agoutis, 
and  ant-eaters,  which  may  be  compared,  tho’ 
in  a very  wide  and  equivocal  manner,  with 
the  camel,  monkey,  polecat,  hare,  and  fcaly- 
lizards.  There  then  remain  four  genera  and 
two  detached  fpecies,  namely,  the  opoffums, 
the  coatis,  the  armadillos,  the  floths,  the  tapir, 
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and  the  cabiai,  which  can  neither  be  referred 
nor  compared  to  any  genera  or  fpecies  of  the 
Old  Continent.  This  fufSciently  proves  that 
the  origin  of  thefe  animals,  peculiar  to  the 
New  World,  cannot  be  alone  attributed  to  de- 
generation. However  great  and  powerful  the 
effecls  of  degeneration  may  be  fuppofed,  we 
cannot,  with  any  appearance  of  reafon,  per- 
fuadeourfelves  that  thefe  animals  were  original- 
ly the  fame  as  thofe  of  the  Old  Continent.  It  is 
more  reafonable  to  im^agine  that  the  two  con- 
tinents were  formerly  joined,  and  that  thofe 
fpecies  which  inhabited  the  New  World,  be- 
caufe  they  found  the  climate  and  foil  moft  fuit- 
able  to  their  nature,  were  feparated  from  the 
reft  by  the  irruption  of  the  fea  when  it  divided 
Afia  from  America.  This  is  a natural  caufe, 
and  fimilar  caufes  might  be  conceived  which 
would  produce  the  fame  effeft  ; for  example, 
if  the  fea  fhould  make  an  irruption  from  the 
eaftern  to  the  weftern  fide  of  Afia,  and  thus  fe- 
parate  the  fouthern  parts  of  Africa  and  Afia 
from  the  reft  of  the  Continent,  all  the  animals 
peculiar  to  the  fouthern  countries,  fuch  as  the 
elephant,  the  rhinoceros,  the  giraffe,  the  zebra, 
the  orang-outang,  &c.  would  be,  relatively  to 
the  others,  the  fame  as  thofe  of  South  America 
a£lually  are  ; they  would  be  entirely  feparated 
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from  the  animals  of  the  temperate  countries, 
and  could  not  be  referred  to  an  origin  common 
to  any  of  the  fpecies  or  genera  which  inhabit 
thefe  countries,  on  the  foie  foundation  that 
fome  imperfeft  refemblances,  or  diftant  rela- 
tions, might  be  obferved  between  them. 

We  muft,  therefore,  to  find  out  the  origin  of 
thefe  animals,  turn  back  to  the  time  when  the 
two  continents  were  not  feparated,  and  refer  to 
the  firft  changes  which  happened  on  the  furfacc 
of  the  globe.  We  muft,  at  the  fame  time,  place 
before  our  view  the  two  hundred  fpecies  of 
quadrupeds  as  conftituting  thirty-eight  fami- 
lies ; and  although  this  is  not  the  ftate  of  Na- 
ture, fuch  as  it  is  come  down  to  us,  but,  on  the 
contrary,  a much  more  ancient  ftate,  which  we 
can  only  attain  by  induftions  and  relations 
nearly  as  fugitive  as  time,  which  feems  to  have 
effaced  their  traces,  w’e  have  endeavoured,  by 
fa£ls  and  monuments  ftill  exifting,  to  return 
to  thofe  firft  ages  of  Nature,  and  to  exhibit 
thofe  epochas  which  appear  to  be  moft  clearly 
indicated. 
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NATURE  AND  PROPERTIES  OFMINERALS, 
VEGETABLES,  lAc. 


LIGHT,  HEAT,  AND  FIRE. 


A LL  the  powers  of  Nature  with  which  we 
^ are  acquainted,  may  be  reduced  to  two 
primitive  forces ; the  one  which  caufes  weight, 
and  that  which  produces  heat.  To  them  im- 
pulfion  is  fubordinate  ; it  depends  on  the  firft 
for  its  particular,  and  on  the  latter  for  its  ge- 
neral effe£ls.  As  impulfion  cannot  exercife 
itfelf  but  by  the  means  of  a fpring,  and  the 
fpring  only  ads  by  virtue  of  the  force  which 
approaches  the  remote  parts,  it  is  clear,  that 
to  perform  its  power  it  has  need  of  the  con- 
currence of  attradion  : for  if  matters  ceafed 
to  attrad,  if  bodies  loft  their  coherence,  every 
fpring  would  be  deftroyed,  every  motion 
intercepted,  and  every  impulfion  void  ; fince 
E 2 motion 
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motion  cannot  tranfmit  itfelf  from  one  body  to 
another  but  by  elafticity  ; it  is  demonftrable, 
that  one  body  abfolutely  hard  and  inflexible, 
■would  be  almoft  immoveable,  and  entirely  in- 
capable of  receiving  the  adlion  of  another. 
Attraftion  being  general  and  permanent,  im- 
pulfion,  which  in  molt  bodies  is  neither  con- 
Itant  nor  fixed,  depends  on  it  as  a particular 
effedl ; for,  if  all  impulfion  was  deltroyed,  at- 
tradtion  would  {till  equally  fubfill  and  adl  ; 
it  is,  therefore,  this  elTential  dilFerence  which 
makes  impulfion  fubordinate  to  attraction  in  ■ 
all  inanimate  and  purely  paflive  matter. 

But  this  impulfion  depends  Itill  more  imme- 
diately, and  generally,  on  the  power  which  pro- 
duces heat  ; for  it  is  principally  by  the  means 
of  heat,  that  impulfion  penetrates  organized 
bodies ; it  is  by  heat  that  they  are  formed,  grow, 
and  developc.  We  may  refer  to  altraftion 
alone  all  the  effefts  of  inanimate  matter  ; and 
to  this  power  of  attradlion,  joined  to  that  of 
heat,  every  phenomena  of  live  matter.  By 
live  matter  I underftand  not  only  every  thing 
that  lives,  or  vegetates,  but  alfo  every  living 
organic  molecule,  difperfed  in  the  wafle  or 
remains  of  organized  bodies.  In  it  1 com- 
prehend light,  heat,  fire,  and  all  matter  which 
appears  to  be  adlive  in  itfelf.  Now  this  live 
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raatter  always  tends  from  the  centre  to  the  cir- 
cumference, whereas  brute  or  inanimate  matter 
tends  from  the  circumference  to  the  centre.  It 
is  an  expanfive  power  which  animates  the  live 
matter,  and  it  is  an  attrafliive  force  to  which 
the  inanimate  matter  is  obedient.  Although 
the  diredlions  of  thefe  two  powers  are  diame- 
trically oppofite,  they  balance  themfelves  with- 
out ever  being  deftroyed,  and  from  their  com- 
bination being  alike  adive,  all  the  phenomena 
of  the  univerfe  refults. 

But  it  maybe  faid,  by  reducing  all  the  powers 
of  Nature  to  attradtion  and  expanfion,  without 
giving  the  caufe  of  eithet,  and  by  rendering 
impulfion,  (which  is  the  only  force  whofe  caufe 
is  known  and  demonftrated  to  our  fenfes)  fu- 
bordinate  to  both,  do  you  not  abandon  a clear 
idea,  and  fubfUtute  two  obfcure  hypothefes  in 
its  place  ? To  this  I anfwer,  that  as  we  know 
nothing  except  by  comparifon,  we  fhall  never 
have  an  idea  of  what  a general  elfedl  will  pro- 
duce, becaufe  fuch  an  effecl  wmuld  belone  to 
every  thing,  we  fhould  be  unable  to  compare 
it  to  any,  and  confequently  there  is  no  hope 
of  ever  knowing  the  caufe  or  reafon  why  all 
.matter  attra£ls,  although  we  are  fenfible  fuch 
is  the  fa£t.  If,  on  the  contrary,  the  effedl  was 
particular,  like  that  of  the  attradlion  of  the 
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loadftone  and  fteel,  we  might  expefl;  todifco- 
ver  the  caufe,  becaufe  it  might  be  compared  to 
other  particular  efFe£ls.  To  afk  why  matter  is 
extended,  heavy,  and  impenetrable,  are  ill- 
conceived  propofitions,  and  merit  not  an  an- 
fwer  ; it  is  the  fame  with  refpe£l  to  every  par- 
ticular property,  when  it  is  ellential  to  the 
fubjccl,  and  we  might  as  well  be  interrogated 
why  red  Is  red  ? 

It  is  fufficient  that  the  forces  of  attradion 
and  expanfion  are  two  general,  real,  and  fixed 
effefts,  for  us  to  receive  them  for  caufes  of  par- 
ticular ones  ; and  impulfion  is  one  of  thefe  ef- 
feSs,  which  we  muft  not  look  upon  as  a general 
caufe,  known  and  dcmonftrated  by  our  fenfes, 
fince  we  have  proved  that  this  force  of  impul- 
fion  cannot  cxift  nor  a61,  but  by  the  means  of 
attraction,  which  does  not  fall  upon  our  fenfes. 
Nothing  is  more  evident,  nay,  certain,  than 
the  communication  of  motion  by  impulfion  ; 
it  is  fulTicient  for  one  body  to  flrike  another  to 
produce  this  efFedl.  But  even  in  this  fenfe,  is 
not  the  caufe  of  attradion  mofl  evident,  and 
that  motion,  in  all  cafes,  belongs  more  to  at- 
traction than  impulfion  ? 

The  firft  reduition  being  made,  it  might  be 
perhaps  pofiible  to  adduce  a fecond,  and  to  bring 
back  the  pow'er  even  of  expanfion  to  that  of  at- 
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traftion,  infomuch  that  all  the  forces  of  matter 
would  depend  folely  on  a primitive  one.  Now 
cannot  we  conceive  that  this  attraction  changes 
into  repulfion  every  time  that  bodies  approach 
near  enough  to  rub  together,  or  ftrike  one  againft 
the  other?  Impenetrability,  which  we  mull 
not  regard  as  a force,  but  as  an  elTential  refilt- 
ance  to  matter,  not  permitthig  two  bodies  to 
occupy  the  fame  place,  what  muft  happen  when 
two  molecules,  which  attract  the  more  power- 
fully as  they  approach  nearer,  fuddenly  ftrike 
againft  each  other  ? Does  not  then  this  invin- 
cible refiftance  of  impenetrability,  become  an 
aCtive  force,  which,  in  the  contaCt,  drives  the 
bodies  with  fo  much  velocity,  as  they  had  ac- 
quired at  the  moment  they  touched?  And  from 
hence  the  expanfive  will  not  be  a particular 
force  oppofed  to  the  attractive  one,  but  an  ef- 
feCl  derived  therefrom.  I own,  that  we  muft 
fuppofe  a perfect  fpring  in  every  molecule  of 
matter,  to  have  a clear  conception  how  this 
change  of  attraction  into  repulfion  is  performed. 
But  even  this  is  fufficiently  indicated  by  faCts  ; 
the  more  matter  is  attenuated,  the  more  it  takes 
a fpring.  Earth  and  water,  which  are  the 
moft  grofs  aggregates,  have  a lefs  fpring  than 
air  ^ and  fire,  which  is  the  moft  fubtle  of  alt 
the  elements,  is  alfo  that  which  has  the  moft 
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cxpanfive  force.  The  fmalleft  molecules  of  mat- 
ter, the  fmalleft  atoms  which  we  know  are  thofe  of 
light,  andweare  fenfibleof  their  being perfe£lly 
elaflic,  fince  the  angle  under  which  the  light  is 
refle£led,  is  always  equal  to  that  under  which  it 
comes.  We  can  therefore  infer,  that  all  the  con- 
ftitutive  parts  of  matter  in  general,  are  a perfe£l 
fpring;  and  that  this  fpring  produces  all  theef- 
fe£ts  of  the  expanfive  force,  every  time  that  bo- 
dies ftrike  by  meeting  in  oppofite  dire£lions. 

We  know  of  no  other  means  of  producing 
fire,  but  by  ftriking  or  rubbing  bodies  toge- 
ther*; fince  by  fuppofing  man  without  any 
burning  glafles,  and  without  adlual  fire,  he  will 
have  no  other  means  of  producing  it ; for  the 
fire  produced  by  uniting  the  rays  of  light,  or  by 
application  of  fire  already  produced,  had  the 
fame  origin. 

Expanfive  force,  therefore,  in  reality  might 
be  only  the  re-a£tion  of  the  attra£live,  a re- 
a£lion  which  operates  every  time  that  the  pri- 
mitive molecules  of  matter,  always  attracted 
one  by  the  other,  happen  immediately  to  touch ; 
for  from  hence  it  is  neceflary,  that  they  are 

repelled 

• The  fire,  which  arifcs  from  the  fermentation  of  herbs  heap- 
ed together,  and  which  manifefts  itfelf  in  effervefcences,  are  not 
exceptions  that  can  be  oppofed  to  me,  fince  this  production  of 
fire  depends,  like  all  the  reft,  from  the  action  of  the  (hock  of  the 
parts  of  matter  one  againft  the  other. 
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repelled  with  as  much  velocity  as  they  had  ac- 
quired in  a contrary  diredlion,  at  the  moment 
of  conta£l,  and  when  thefe  molecules  are  abfo- 
lutely  free  from  all  coherence  and  only  obey 
the  motion  alone  produced  by  their  attracElion, 
this  acquired  velocity  is  immenfe  in  the  point 
of  contaS.  Heat,  light,  and  fire,  which  are 
the  greateft  effects  of  expanfive  force,  will  be 
produced  every  time  that  bodies  fhall  be  arti- 
ficially or  naturally  divided  into  very  minute 
parts,  and  fhall  meet  in  oppofite  dire£tions  ; 
and  the  heat  will  be  fomuch  the  more  fenfible, 
the  light  more  bright,  the  fire  more  violent,  as 
the  molecules  are  precipitated  one  againfl;  the 
other  with  more  velocity  by  their  force  of  mu- 
tual attra£lion. 

From  the  above  it  muft  be  concluded,  that 
all  matter  may  become  light,  heat,  and  fire  ; 
and  that  this  matter  of  fire  and  light  is  not  a 
fubftance  different  from  all  others  but  preferves 
its  elfemial  qualities,  and  even  moft  of  the  at- 
tributes of  common  matter,  is  evidently  prov- 
ed by,  firft.  Light,  though  compofed  of  par- 
ticles almoft  infinitely  minute,  is,  neverthe- 
lefs,  (till  divifible,  fince  with  the  prifm  we 
feparate  the  rays,  or  different  coloured  atoms 
one  from  another.  Secondly,  light,  though 
in  appearance  endowed  with  a quite  oppofite 
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quality  to  that  of  weight,  that  is,  with  a vola- 
tility which  w'e  might  think  elTcntial,  is,  ncver- 
thelefs,  heavy  like  all  matter,  lince  it  bends 
every  time  it  palTes  near  other  bodies,  and  finds 
itfelf  inclined  to  their  fphere  of  attraclion.  It 
is  very  heavy,  relative  to  its  volume,  which  is 
very  minute,  fince  the  immenfe  velocity  with 
which  light  moves  in  a direct  line,  does  not  pre- 
vent it  from  feeling  fnfficient  attraction  near 
other  bodies,  for  its  direction  to  incline  and 
change  in  a very  fenfible  manner  to  our  eyes. 
Thirdly,  the  fubltance  of  light  is  not  more 
fimple  than  all  other  matter,  fince  it  is  com- 
pofed  of  parts  of  unequal  weight ; the  red  rays 
are  much  heavier  than  the  blue  ; and  between 
thefe  two  extremes  there  are  an  infinity  of  in- 
termediate rays,  whicli  approach  more  or  lefs 
the  weight  of  the  red,  or  the  lightnefs  of  the 
blue,  according  to  them  lliades.  AH  thefe  con- 
fequences  arc  ncccfiarily  derived  from  the  phe- 
nomena of  the  infleClion  of  light,  and  of  its  re- 
fraClion,  which,  in  reality,  is  only  an  inflexion 
which  operates  when  light  pafles  acrofstranf- 
parent  bodies.  Fourthly,  it  may  be  dcmori- 
ftrated,  that  light  is  mafllve,  and  that  it  aCls,  in 
fomc  cafes,  as  all  other  bodies  aCl ; for,  inde- 
pendent of  its  ordinary  effeCI,  w'hich  is  to  flrinc 
before  our  eyes,  and  of  its  own  aClion,  always 
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accompanied  with  eclat,  and  often  with  heat, 
it  a£ls  by  its  mafs  when  it  is  condenfed  by  unit- 
ing, and  it  a£ts  to  the  point  of  putting  in  mo- 
tion heavy  bodies  placed  in  the  focus  of  a good 
burning  glafs : it  turns  a needle  on  a pivot 
placed  in  its  focus  : it  difplaces  leaves  of  gold 
or  filver  before  it  melts  or  even  fenfibly  heats 
them.  This  adion,  produced  by  its  mafs, 
precedes  that  of  heat : it  operates  between  the 
condenfed  light  and  the  leaves  of  metal  in  the 
fame  manner  as  it  operates  between  two  other 
bodies  which  become  contiguous,  and,  confe- 
quently,  has  dill  this  property  in  common  with 
all  other  matter.  Fifthly,  Light  is  a mixture, 
like  common  matter,  not  only  of  more  grofs 
and  minute  parts,  more  or  lefs  heavy  or  move- 
able,  but  alfo  differently  fhaped.  Whoever 
has  obferved  the  phenomena  which  Newton 
calls  the  accejs  of  eafy  reflection,  and  of  eafy  tranf- 
mifflon  of  light  ; and  on  the  effefts  of  double  re- 
fradion  of  rock  and  Iceland  chryftal,  muft  have 
perceived  that  the  atoms  of  light  have  many 
lides,  many  different  furfaces,  which,  according 
as  they  prefent  themfelves,  conftantly  produce 
different  effeds. 

Here,  then,  is  fufficient  to  demonftrate  that 
light  is  neither  particular  nor  different  from 
common  matter  j that  its  effence,  and  itseffen- 
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tial  properties,  are  the  fame  ; and  that  it  differs 
only  from  having  undergone,  in  the  point  of 
contaft,  the  repiilfion  from  whence  its  volati- 
lity proceeds  ; and  in  the  fame  manner  as  the 
effeftof  the  force  of  attraction  extends,  always 
decreafing  as  the  fpace  augments,  the  effeCls  of 
repulfion  extends  and  decreafes  the  more,  but 
in  an  inverted  order,  infomuch  that  we  can 
apply  to  the  expanfive  force  all  that  is  known 
of  the  attractive.  Thcfe  are  two  inftruments 
of  the  fame  nature,  or  rather  the  fame  inftru- 
ment,  only  managed  in  two  oppofite  direc- 
tions. 

All  matter  will  become  light,  for  if  all  co- 
herence was  deftroyed  it  would  be  divided  into 
molecules  fufficiently  minute,  and  thefc  mole- 
cules, being  at  liberty,  will  be  determined  by 
their  mutual  attraction  to  rufh  one  againft  the 
other.  In  the  moment  of  the  fhock  the  re- 
pul five  force  will  be  exercifed,  the  molecules 
will  fly  in  all  directions  wdth  an  almoft  infinite 
volatility,  which,  neverthelefs,  is  not  equal  to 
their  velocity  acquired  in  the  moment  of  con- 
tact, for  the  law  of  attraction  being  augmented 
as  the  fpace  diminifhes,  it  is  evident,  that  at 
the  contact  the  fpace  is  always  proportionable 
till  the  fquare  of  the  diftance  becomes  nil,  and, 
confequently,  the  velocity  acquired  by  virtue 
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of  the  attrai5lion  muft  at  this  point  become  aU 
moft  infinite  : this  velocity  muft  be  infinite  if 
the  contaft  was  immediate,  and,  confequently, 
the  diftance  between  the  two  bodies  void  ; but 
there  is  nothing  in  Nature  entirely  nil,  and 
nothing  truly  infinite  ; and  all  that  1 have  ob- 
ferved  of  the  infinite  minutenefs  of  the  atoms 
which  conftitute  light,  of  their  perfeS:  fpring, 
and  of  the  nil  diftance  in  the  moment  of  contadf, 
muft  be  underftood  only  with  reftridfion.  If 
this  metaphyfical  truth  were  doubted,  aphyfical 
demonftration  may  be  given.  It  is  pretty  gene- 
rally known  that  light  employs  feven  minutes 
and  a half  to  come  from  the  fun  to  the  earth  ; 
fuppofing,  therefore,  the  fun  at  thirty-fix  mil- 
lions of  miles,  light  darts  thro’  this  enormous 
diftance  in  that  ftiort  fpace,  that  is  (fuppofing 
its  motion  uniform),  eighty  thoufand  miles  in 
one  fecond.  But  this  velocity,  although  pro- 
digious, is  yet  far  from  being  infinite,  fince  it 
is  determinable  by  numbers.  It  will  even  ceafe 
to  appear  fo  prodigious  when  we  refledl  on  the 
celerity  of  the  motion  of  the  comets  to  their 
perihelia,  or  even  that  of  the  planets,  and  by 
computing  that  we  fhall  find  the  velocity  of 
thofe  immenfe  mafies  may  pretty  nearly  be 
compared  with  that  of  the  atoms  of  light. 
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So,  likewifc,  as  all  matter  can  be  converted 
into  light  by  the  divifion  and  cxpulfion  of  its 
parts,  when  they  feel  a fhock  one  againft  an- 
other, we  fliall  find  that  all  the  elements  arc 
convertible;  and  if  it  has  been  doubted  whether 
light,  which  appears  to  be  the  mofl;  fimple  ele- 
ment, may  be  converted  into  a folid  fubftance, 
it  is  becaufe  we  have  not  paid  fuflicicnt  atten- 
tion to  every  phenomena,  and  were  prejudiced, 
that  being  clTentially  volatile  it  cannot  ever 
become  fixed.  But  it  is  plain  that  the  fixity 
and  volatility  depends  on  the  fame  attra£liv'e 
force  in  the  firfi  cafe,  and  becomes  rcpulfivein 
the  fecond ; and  from  thence  w-e  are  led  to 
think  that  this  change  of  matter  into  light,  and 
from  light  into  matter,  is  one  of  the  mofi  fre- 
quent operations  of  Nature. 

Having  fliewn  that  impulfion  depends  on 
attradion  ; that  the  expanfivc  force,  like  the 
attradive,  becomes  negative  ; that  light,  heat, 
and  fire,  are  only  modes  of  the  common  exift- 
ing  matter  ; in  one  word,  that  there  cxifts  but 
one  foie  force,  and  one  foie  matter,  ever  ready 
to  attrad  or  repel,  according  to  circumftances; 
let  us  fee  how,  with  this  lingle  fpring,  and  this 
fingle  fubjed.  Nature  ca.i  vary  her  wmrks, 
ad  'wfinltum.  J n the  point  of  general  view, 
light,  heat,  and  fire,  only  make  one  objed,  but 
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in  a particular  point  of  view  they  are  three  dif- 
tin£i  objects,  which,  although  refembling  in  a 
great  number  of  properties,  neverthelefs  differ 
a few  others,  fufficiently  effential  for  us  to 
confider  them  as  three  different  things. 

Light,  and  elementary  fire,  it  is  faid,  only 
compofe  one  and  the  fame  thing.  This  may 
be,  but  as  we  have  not  yet  a clear  idea  of  ele- 
mentary fire  we  fhall  defifffrom  pronouncing 
on  this  firft  point.  Light  and  fire,,  fuch  as 
we  are  acquainted  with,  are  two  diftindl  fub- 
ftances,  differently  compofed.  Fire  is,  in  faft, 
very  often  luminous,  but  it  fometimesalfoexifts 
without  any  appearance  of  light.  Fire,  whether 
luminous  or  obfeure,  never  exifts  without  a 
great  heat,  whereas  light  often  burns  with  a 
noife  without  the  leaft  fenfible  heat.  Light 
appears  to  be  the  work  of  Nature,  while  fire 
is  only  the  produce  of  the  induftry  of  man. 
Light  fubfifts  of  itfelf,  and  is  found  diffufed 
in  the  immenfe  fpace  of  the  whole  univerfe. 
Fire  cannot  fubfift  without  food,  and  is  only 
found  In  fome  parts  of  this  fpace  where  man 
preferves  it,  and  in  fomic  parts  of  the  profun- 
dity of  the  earth,  where  It  is  alfo  fupported  by 
fuitable  food.  Light,  w'hen  condenfed  and 
united  by  the  art  of  man,  may  produce  fire, 
but  it  is  only  as  much  as  it  lets  fall  on  com- 
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biiflible  matters.  Light  is  therefore  no  more, 
and  in  this  Tingle  inftance,  only  the  principle 
of  fire,  and  not  the  fire  itfelf  : even  this  prin- 
ciple is  not  immediate,  for  it  fuppofes  the  in- 
termediate one  of  heat,  and  which  appears  to 
appertain  more  tiian  light  to  the  clftnce  of 
fire.  Now  heat  exifls  as  often  wdthout  light  as 
light  exifts  without  heat : thefe  two  principles, 
therefore,  might  appear  not  to  bind  them  ne- 
ced'arily  together  ; their  tffe(3s  are  not  co- 
temporary, fince  in  certain  circumftances  we 
feel  heal  long  bclore  light  appears,  and  in 
others  we  fee  light  long  before  we  feel  any 
heat.  From  hence  is  not  heat  a mode  of  being, 
a modification  of  matter,  which,  in  fa£l,  dif- 
fers lefs  than  all  the  rcfl  from  that  of  light, 
but  which  can  be  confidered  apart,  and  fiill 
more  cafily  conceived  r It  is,  neverthelefs,  cer- 
tain, that  much  fewer  difeoveries  have  been 
made  on  the  nature  of  heat  than  on  that  of 
light;  whether  man  better  catches  what  he  fees 
than  what  he  feels  ; whether  light  prefents 
itfelf  "enerallv  as  a difiindl  and  different  fub- 

O ^ 

fiance  from  all  the  rcfl:,  has  appeared  worthy 
of  a particular  confideration  ; whereas  heat, 
the  effeft  of  which,  is  the  moft,  obfeure,  and 
prefents  itfelf  as  a lefs  detached  and  lefs  fimple 
ohjedf,  has  not  been  regarded  as  a diflindl 

fubflance. 


NATURAL  HISTORY. 


41 


fubftance  but  as  an  attribute  of  light  and 
fire. 

The  firft  thing  worthy  of  remark,  is,  that 
the  feat  of  heat  is  quite  different  from  that  of 
light ; the  latter  occupies  and  runs  through  the 
void  fpace  of  the  univerfe,  heat,  on  the  con- 
trary, is  diffufed  in  all  folid  matter.  The  globe 
of  the  earth,  and  all  matters  of  which  it  is  com- 
pofed,  have  a confiderable  degree  of  heat.  Wa- 
ter has  its  degree  of  heat  which  it  does  not  lofe 
but  by  lofing  its  fluidity.  The  air  has  alfo 
heat,  which  we  call  its  temperature,  and  which 
varies  much,  but  is  never  entirely  loft,  fince 
its  fpring  fubfifts  even  in  the  greateft  cold. 
Fire  has  alfo  its  different  degrees  of  heat,  which 
appear  to  depend  lefs  on  its  own  nature,  than 
on  that  of  the  aliments  which  feed  it.  Thus 
all  known  matter  poffeffes  warmth  ; and,  from 
hence,  heat  is  a much  more  general  affedlidn 
than  that  of  light. 

Heat  penetrates  every  body  without  excep- 
tion which  is  expofed  to  it,  while  light  paffes 
through  tranfparent  bodies  alone,  and  is  flop- 
ped and  in  part  repelled,  by  every  opaque  one. 
Heat,  therefore,  a£ts  in  a more  general  and 
palpable  manner  than  light,  and  although  the 
molecules  of  heat  be  exceflively  minute,  fmce 
they  penetrate  the  mod  compadl  bodies,  it 
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feems,  however,  demonftrable,  that  they  are 
more  grofs  than  thofe  of  light ; for  we  make 
heat  with  light,  by  colleding  it  in  a great  quan- 
tity. Befities,  heat  adling  on  the  fenfe  of  feel- 
ing, it  is  neceffary  that  its  action  be  propor- 
tionate to  the  grolTnefs  of  this  fenfe  ; as  the 
delicacy  of  the  organs  of  fight  appears  to  be 
to  the  extreme  finenefs  of  the  parts  of  light ; 
thefe  parts  move  with  the  greateft  velocity,  and 
act  in  the  inftant  to  immenfe  diRances,  whereas 
thofe  of  heat  have  but  a flow  progreflive  mo- 
tion, which  only  extends  to  fmall  intervals  of 
thejiodies  they  may  emanate. 

The  principle  of  all  heat  feems  to  be  the 
attrition  of  bodies  ; all  friction,  that  is,  all  mo- 
tion, between  folid  matters  produces  heat  ; and 
if  the  fame  effect  docs  not  happen  to  fluids,  it 
is  bccaufe  their  parts  do  not  touch  clofe  enough 
to  rub  one  againR  the  other  ; and  that,  having 
little  adherence  between  them,  their  refiR- 
ance  to  the  Ihock  of  other  bodies  is  too  weak 
for  the  heat  to  be  produced  to  a fcnfiblc  degree; 
but  we  often  fee  light  produced  by  an  attrition 
of  a fluid,  without  feeling  any  heat.  All  bo- 
dies heat  as  foon  as  they  meet  in  a contrary 
direction  , heat  is,  therefore,  produced  by  the 
motion  of  all  palpable  matter.  The  production 
of  light  is  alfo  made  by  motion,  but  in  a con- 
trary 
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trary  direction,  for, that  fuppofes  the  divifion 
of  matters  into  very  minute  parts  : and  as  this 
operation  of  Nature  is  the  fame  with  refpect 
to  both,  we  muft  conclude,  that  the  atoms  of 
light  are  folid  of  themfelves,  and  are  hot  at  the 
moment  of  their  birth.  But  we  cannot  alike 
afcertain,  that  they  preferve  their  heat  in  the 
fame  degree  as  their  light,  nor  that  they  ceafe 
from  being  hot  before  they  ceafe  from  being 
luminous.  Familiar  experiments  indicate,  that 
the  heat  of  the  fun’s  light  augments  by  palling 
acrofs  a plain  of  ice,  although  the  quantity  of 
ice  be  diminilhed  confiderably  by  the  reflec- 
tion which  is  made  on  its  external  furface,  and 
that  even  the  matter  of  glafs  retains  a certain 
quantity.  Other  experiments  more  deeply  en- 
quired into,  feem  to  prove,  that  light  augments 
heat  in  proportion  as  it  traverfes  a greater  ex- 
tent of  our  atmofphere. 

It  is  well  known,  that  heat  grows  lefs,  or 
cold  becomes  greater,  the  higher  we  afeend  on 
the  mountains.  The  heat  which  proceeds 
from  the  terreflrial  globe,  muft,  of  courfe,  be 
fenfibly  lefs  on  thofe  advanced  points,  than  it  is 
on  the  plains;  but  this  caufe  is  not  proportion- 
able  to  the  effcdl  ; the  adlion  of  heat,  which 
a£ls  on  the  terreftrial  globe,  not  being  able  to 
diminifii  but  by  the  fquare  of  the  diftance,  it 
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does  not  appear  that  at  the  height  of  half  a 
mile,  which  is  only  the  three  thoufancith  part 
of  the  femi-diameter  of  the  globe,  whofe  centre 
muft  be  taken  for  the  focus  of  heat,  that  this 
difference,  which  in  this  fuppofition  is  only  a 
unit  and  nine  millions,  can  produce  a diminu- 
tion of  heat  nearly  fo  confiderable  ; for  the 
thermometer  lowers  at  that  height  at  all  times 
of  the  year  to  the  freezing  point.  It  is  not 
probable,  that  this  great  difference  of  heat  fim- 
ply  proceeds  from  the  difference  of  the  earth  ; 
and  of  that  we  muft  be  fully  convinced,  if  we 
confider,  that  at  the  mouth  of  the  volcanos, 
where  the  earth  is  hotter  than  in  any  other  part 
on  the  furface  of  the  globe,  the  air  is  nearly 
as  cold  as  on  other  mountains  of  the  fame 
height. 

The  period  for  bodies  cooling  being  propor- 
tioned to  their  diameter,  it  ftiould  feem  that  a 
ftngle  moment  of  time  was  fufficient  to  cool 
the  fmall  atoms  of  light,  although  they  w’cre 
very  hot  when  they  darted  from  the  fun,  and 
this  would  be  the  cafe  if  they  w'ere  detached  j 
but  as  they  almoft  immediately  fuccced  each 
other,  and  are  the  more  confined  as  they  are 
nearer  the  place.of  their  origin,  the  heat  loft 
by  each  atom  falls  on  the  neighbouring  ones  ; 
and  this  reciprocal  communication  fupports 
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the  general  heat  of  light  a longer  time,  and  as 
they  proceed  in  a conilant  diredion;  even  in 
diverging  rays,  as  iheir  diftance  from  each 
other  increafes  according  to  the  fpace  they  run 
over,  and  as  the  heat  w hich  flies  from  each 
atom,  as  a center,  diminiflies  alfo  in  the  fame 
ratio,  it  follows,  that  the  light  of  the  folar  rays, 
decreafing  in  an  inverted  ratio  from  the  fquare 
of  the  diftance,  that  of  their  heat  decreafes 
in  an  inverted  ratio  of  the  fquare  of  this  fame 
diftance. 

Taking,  therefore,  the  femi-diameter  of  the 
fun  for  a unit,  and  fuppofing  the  adion  of  light 
to  be  as  looo,  to  the  diftance  of  a femi-diame- 
ter of  the  furface  of  this  planet,  in  coming  to 
us,  who  are  thirty-fix  millions  of  miles  diftant; 
the  adion  of  light  will  be  more  than  fifty  thou- 
fand  times  weaker  than  when  it  quitted  the 
fun  ; and  the  heat  of  each  atom  of  light,  being 
alfo  fuppofed  a thoufand  at  quitting  the  fun, 
will  be  more  than  20500  millions  weaker  than 
when  it  darted  from  that  planet. 

If  even  this  diminution  of  the  heat  of  light 
fhould  not  be  admitted  by  reafon  of  the  fquared 
fquare  of  the  diftance  to  the  fun,  it  will  ftill 
be  evident  that  heat,  in  its  propagation,  cTimi- 
nifties  more  than  light.  If  we  excite  a very 
ftrong  heat,  by  kindling  a large  fire,  w'e  Ihall 
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only  feel  it  at  a moderate  diflance,  but  we  fhall 
fee  the  light  at  a very  great  one.  If  we  bring 
our  hands  by  degrees  nearer  and  nearer  a 
body  exceflively  hot,  we  (hall  perceive  that 
the  heat  increafes  much  more  in  proportion 
than  as  the  fpace  diminifhes  ; for  we  may 
warm  ourfelves  with  pleafure  at  a diftance 
which  differs  only  by  a few  inches  from  that 
at  which  we  (l)ould  be  burnt.  All  appears, 
therefore,  to  indicate,  that  heat  diminidies  in 
a greater  ratio  than  light,  in  proportion  as  both 
are  removed  from  the  focus  from  which  they 
i(fued. 

This  might  lead  us  to  imagine,  that  the 
atoms  of  light  would  be  very  cold  when  they 
came  to  the  furface  of  our  atmofphere  ; but  by 
traverfing  the  great  extent  of  this  trarifparent 
mafs,  they  receive  a new  heat  by  fridlion. 
The  infinite  velocity  by  which  the  particles  of 
light  graze  thofe  of  the  air,  muft  produce  a 
heat  fo  much  the  ftronger  as  the  fridlion  is 
more  multiplied  : and  it  is,  probably,  for  this 
reafon,  that  the  heat  of  the  folar  rays  is  found 
much  llronger  in  the  lower  parts  of  the  atmo- 
fphere, and  that  the  coldnefs  of  the  air  appears 
to  augment  as  we  are  elevated.  Perhaps,  like- 
wife,  as  light  receives  heat  only  by  uniting,  a 
great  number  of  atoms  of  light  is  required  to 
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conftitute  a Tingle  atom  of  heat,  and  this  may 
be  the  caufe  why  the  feeble  light  of  the  moon, 
although  in  the  atmofphere,  like  that  of  the  fun, 
does  not  receive  any  fenfible  degree  of  heat. 
If,  as  M.  Bouguer  fays,  the  intenfity  of  the 
light  of  the  fun  to  the  furface  of  the  earth  is 
300,000  times  ftronger  than  that  of  the  moon, 
the  latter  muff  be  almoft  infenfible,  even  by 
uniting  it  in  the  focus  of  the  moft  powerful 
burning  glafles,  which  cannot  condenfe  it  more 
than  one  hundred  times  ; fubtradling  the  half 
ofw'hich  for  the  lofs  by  reflexion  or  refradlion, 
there  remains  only  a three  hundredth  part  of 
intenfity  to  the  focus  of  the  gUfs. 

Thus,  we  muft  not  infer  that  light  can  exifl; 
without  any  heat,  but  only  that  the  degrees 
of  this  heat  are  very  different,  according  to 
different  circumftances,  and  always  infenfible 
when  light  is  very  weak.  Heat,  on  the  con- 
trary, feems  to  exifl;  habitually,  and  even  to 
caufe  itfelf  to  be  flrongly  felt  without  light  ; 
for  in  general  it  is  only  when  it  becomes  ex- 
ceflive,  that  light  accompanies  it.  But  the 
very  effential  difference  between  thefe  two  mo- 
difications of  matter  is,  that  heat,  which  pene- 
trates all  bodies,  does  not  appear  to  fix  in  any 
one,  whereas  light  incorporates  and  extin- 
guiflies  in  all  thofe  which  do  not  refledl,  or 
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permit  ittopafs  freely;  heat  bodies  of  all  kinds 
to  any  degree,  in  a very  fhort  time  they  will 
lofe  the  acquired  heat,  and  return  to  the  general 
temperature.  If  we  receive  light  on  black  or 
white  bodies,  rude  or  polifhed,  it  will  eafily  be 
perceived,  that  fome  admit,  and  others  repel  it ; 
and  that  inftead  of  being  affedled  in  an  uniform 
manner  as  they  are  by  heat,  they  are  only  fo 
relatively  to  their  nature,  colour,  and  polifh. 
Black  will  abforb  more  light  than  white,  and 
the  rough  more  than  the  fmooth.  Light  once 
abforbed  remains  fixed  in  the  body  which  re- 
ceived it,  nor  quits  it  like  heat  ; from  whence 
we  muft  conclude,  that  atoms  of  light  may  be- 
come conftituent  parts  of  bodies  by  uniting 
with  the  matter  which  compofes  them ; whereas 
heat  not  fixing  at  all,  feems  toprevent  the  union 
of  every  part  of  matter,  and  only  a6ts  to'kecp 
them  feparate.  Neverthelcfs,  there  are  in- 
flances  where  heat  remains  fixed  in  bodies,  and 
others  where  the  light  they  have  abforbed  re- 
appears, and  goes  out  like  heat. 

After  all  there  appears  to  be  two  kinds  of 
heat,  the  one  luminous,  of  which  the  fun  is  the 
focus  ; the  other  obfeure,  of  which  the  grand 
refervoir  is  the  terrefirial  globe.  Our  body,  as 
making  part  of  the  globe,  participates  of  this 
obfeure  heat  ; and  it  is  for  this  reafon,  that 
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it  is  ftill  obfcure  to  us,  becaufe  we  do  not  per- 
ceive it  by  any  one  of  our  fenfes.  It  is  with 
refpeft  to  this  heat  of  the  globe,  as  with  its 
motion,  we  are  fubjedl  to  and  participate  there- 
of without  feeling  or  doubting  of  it : from 
hence  it  happened  that  phyficians  at  firft  car- 
ried all  their  views  and  enquiries  on  the  heat  of 
the  fun,  without  fufpedling  that  it  makes  but 
a very  fmall  part  of  what  we  really  feel  ; but 
having  made  inftruments  to  difcover  the  differ- 
ence of  the  immediate  heat  of  the  rays  of  the 
fun,  they,  with  aflonifhment,  found  that  the 
heat  of  them  was  fixty-fix  times  ftronger  in 
fummer  than  in  winter,  notwithftanding  the 
ftrongeft  heat  of  our  fummer  differs  only  a 
feventh  from  the  ftrongeft  cold  of  our  winter  ; 
from  whence  they  have  concluded,  that,  inde- 
pendent of  the  heat  we  receive  from  the  fun, 
there  emanates  another,  even  from  this  terref- 
trial  globe,  which  is  much  more  confiderable  ; 
infomuch,  that  it  is  at  prefent  demonftrable, 
that  this  heat,  which  efcapes  from  the  bowels 
of  the  earth,  is  in  our  climate  at  leaft  twenty- 
nine  times  in  fummer,  and  four  hundred  times 
in  winter,  ftronger  than  the  heat,  which  comes 
to  us  from  the  fun. 

This  ftrong  heat,  which  refides  in  the  in- 
terior part  of  the  globe,  and  which,  without 
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ceafing  to  emanate  externally,  muft,  like  an 
element,  enter  into  the  combination  of  all  the 
other  elements.  If  the  fun  is  the  parent  of 
Nature,  the  heat  of  the  earth  muft  be  the  mo- 
ther ; they  both  unite  to  produce,  fupport,  and 
animate  organized  beings,  and  to  aftimilate 
and  compofe  inanimate  fubftances.  This  in- 
ternal heat  of  the  globe,  which  tends  always 
from  the  centre  to  the  circumference,  is,  in 
my  opinion,  a great  agent  in  nature.  We 
can  fcarcely  doubt  but  it  is  the  principal  in- 
fluence of  the  perpendicularity  of  the  trunks 
of  trees,  on  the  phenomena  of  elecftricity,  on 
the  effefts  of  magnetifm,  &c.  But  as  I do 
not  pretend  to  make  a phyfical  treatife  here,  I 
fhall  confine  myfelf  to  the  effecls  of  this  heat 
on  the  other  elements.  It  is  alone  fufficient 
to  maintain  the  rarefaftion  of  the  air  to  the 
degree  that  we  breathe  in  ; it  is  more  than 
fufficient  to  keep  water  in  its  ftate  of  fluidity, 
for  we  have  lowered  the  thermometers  to  the 
depth  of  1 20  fathoms,  and  have  found  the 
temperature  of  the  water  was  there  nearly  the 
fame  as  at  the  like  depth  in  the  earth,  name- 
ly, ten  degrees,  two  thirds.  We  muft  not, 
therefore,  be  furprized,  efpecially  as  fait  a£ls 
as  a prevention,  that  the  fea  in  general  does 
not  freeze,  that  frefti  water  freezes  but  to  a 
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certain  thicknefs,  and  that  the  water  at  bottom 
always  remains  liquid, even  in  themoft  intenfe 
frofts. 

But  of  all  the  elements  the  earth  is  that  on 
which  this  internal  heat  has  produced  the 
greateft  effects.  This  heat  originally  was 
doubtlefs  much  greater  than  it  is  at  prefent  ; 
therefore  we  mull;  refer  to  it,  as  to  the  firft 
caufe,  all  the  fublimations,  precipitations,  ag- 
gregations, and  feparations,  which  have  been, 
and  ftill  continue  to  be  made,  in  the  internal 
part  of  the  globe,  efpecially  in  the  external  layer 
which  we  have  penetrated,  and  the  matter  of 
which  has  been  removed  by  the  convulfions  of 
Nature,  or  by  the  hands  of  man.  The  whole 
mat's  of  the  globe  having  been  melted,  or  liqui- 
fied, by  fire,  the  internal  is  only  a concrete  or 
difcrete  glafs,  whofe  fimple  fubftance  cannot 
receive  any  alteration  by  heat  alone  ; there  is, 
therefore,  only  an  upper  and  fuperficial  layer, 
which,  being  expofed  to  the  aftion  of  external 
caufes,  united  to  that  of  the  internal  heat,  will 
have  undergone  all  the  modifications,  differ- 
ences, and  forms,  in  one  word,  of  Mineral  Sub- 
ftances,  which  their  combined  aftions  were 
enabled  to  produce. 

Fire,  which  appears  to  be  only  a compound 
of  heat  and  light,  might  only  be  a modification 
Hz  of 
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of  the  matter,  though  it  does  not  efTentially  dif- 
fer from  either,  and  (fill  lefs  from  both  taken 
together.  Fire  never  exifls  without  heat,  but 
it  can  exift  without  light.  Heat  alone,  de- 
prived of  all  appearance  of  light,  can  produce 
the  fame  effedts  as  the  moft  violent  fire  ; fo  can 
alfo  light,  when  it  is  united.  Light  feems  to 
carry  a fubftance  in  itfelf  which  has  no  need  of 
fuel ; but  fire  cannot  fubfift  without  abforb- 
ing  the  air,  and  it  becomes  more  violent  in 
proportion  to  the  quantity  it  abforbs;  whereas 
light,  concentrated  and  received  into  a vefici 
exhaufted  of  air,  a£ls  as  fire  in  air  j and  heat, 
confined  and  retained  in  a narrow  fpace,  fub- 
fifls  and  even  augments  with  a very  fmall  quan- 
tity of  food.  The  rnofl;  general  difference  be- 
tween fire,  heat,  and  light,  appears,  therefore, 
to  confift  in  the  quantity,  and  perhaps  quality, 
of  their  food. 

Air  is  thefirft  food  of  fire;  combuftible  mat- 
ters are  only  the  fecond.  It  has  been  demon- 
ftrated,  by  experiments,  that  a little  fpark  of 
fire,  placed  in  a veffel  well  clofed,  in  a fhort 
time  abforbs  a great  quantity  of  air,  and  ex- 
tinguifhes  as  foon  as  the  quantity  or  quality 
of  this  food  becomes  deficient.  By  other  ex- 
periments it  is  proved,  that  the  mofi  combuf- 
tible  matters  do  not  confume  in  veffels  well 

clofed, 


NATURAL  HISTORY. 


S3 


clofed,  although  expofed  to  the  aSlIon  of  the 
greateft  fire.  Air  is,  therefore,  the  ftrft  and  true 
food  of  fire,  andcombuftible  matters  would  not 
be  able  to  fupply  it  without  the  affiftance  and 
mediation  of  this  element. 

We  have  obferved  that  heat  is  the  caufe  of 
all  fluidity,  and  we  find,  by  comparing  fome 
fluids  together,  that  more  heat  is  requifite  to 
keep  iron  in  fufion  than  gold  ; and  more  to 
keep  gold  than  tin  ; much  lefs  is  neceflary  for 
wax,  for  water  lefs  than  that,  and  fiill  lefs  for 
fpirits  of  wine,  and  a mere  trifle  is  fufficient  for 
mercury,  fince  the  latter  goes  187  degrees  be- 
low what  water  can  without  lofing  its  fluidity ; 
mercury,  therefore,  is  the  moft  fluid  of  all  mat- 
ter, air  excepted.  Now  this  fuperior  fluidity 
in  air  indicates  the  leaf!  degree  of  adherence 
pofllble  between  its  conftituting  parts,  and 
fuppofes  them  of  fuch  a figure  as  only  to  be 
touched  at  one  point.  It  may  be  alfo  imagin- 
ed, that,  being  endowed  with  fo  little  apparent 
energy  and  mutual  attraction,  they  are,  for 
that  reafon,  lefs  maflive,  and  more  light,  than 
thofe  of  every  other  body  ; but  that  conclufion 
appears  unfounded,  from  the  comparifon  of 
mercury,  the  next  fluid  body,  but  of  which  the 
conftituting  parts  appear  to  be  more  maflive 
and  heavy  than  thofe  of  any  other  matter,  ex- 
cepting 
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cepting  gold.  The  greater  or  leflTer  fluidity, 
does  not,  therefore,  indicate  that  the  parts  of 
the  fluid  are  more  or  lefs  weighty,  but  only 
that  their  adherence  is  fo  mudh  the  lefs,  and 
their  feparation  fomiich  the  eaficr. 

Air,  therefore,  of  all  the  matters,  is  that 
which  divides  the  eafiefl,  and  is  very  near  the 
nature  of  fire,  whofe  property  confifts  in  theex- 
panfive  motions  of  its  parts ; and  it  is  from  this 
fimilarity  that  air  fo  flrongly  augments  theadli- 
vity  of  fire,  to  which  it  is  the  mofl  powerful 
afliflant,  and  the  mofl:  intimate  and  neceffary 
food.  Even  combufliblc  matters  will  not  keep 
it  alive  if  deprived  of  air,  for  then  the  mofl;  in- 
tenfe  fire  will  not  burn ; but  a Angle  fpark  of  air 
is  fufficient  to  kindle  them,  and  in  proportion 
as  it  is  lupplied  with  that  element  the  fire  be- 
comes flrong,  extended,  and  devouring. 

Artificial  phofphorus,  and  gunpowder,  feem, 
at  firfl,  to  be  an  exception,  for  they  have  no 
need  of  the  alliflance  of  renewed  air  to  inflame 
and  wholly  confume  them  : their  combuflion 
may  be  pertormed  in  the  clofefl  veflels,  but  that 
is  bccaufe  thofe  matters,  which  are  alfo  the 
mofl  combuflible,  contain  the  neceflary  quan- 
tity in  their  fubflance,  therefore  they  have  no 
need  of  the  afliflance  of  a foreign  air. 


This 
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This  feems  to  indicate  that  the  moft  efTential 
difference  between  matters  combuftible  and 
thofe  which  are  not  fo,  confifts  in  the  latter 
containing  only  a few  or  none  of  the  light, 
ethereal,  and  oily  matters  fufceptible  of  an  ex- 
panfive  motion,  or,  at  leaff,  if  there  that  they 
are  detained,  infomuch  that  they  cannot  exer- 
cife  their  volatility  whenever  the  force  of  the 
fire  is  not  ftrong  enough  to  furmount  the  force 
of  adhefion  which  retains  them  united  to  the 
fixed  parts  of  matter.  It  may  be  faid  that  this 
indudlion  is  confirmed  by  a number  of  obfer- 
vations  well  known  to  chemifts  ; but  what  ap- 
pears to  be  lefs  fo,  and  which,  neverthelefs,  is  a 
neceffary  confequence  of  it,  is,  that  all  matter 
may  become  volatile  when  the  expanfive  force 
of  the  fire  can  be  rendered  fuperior  to  the  at- 
traftive  force  which  holds  the  parts  of  matter 
united  5 for  though  to  produce  a fire  fufficient- 
ly  ftrong  it  may  require  better  conftructed  mir- 
rors than  any  at  prefent  made  ufe  of,  yet  we 
are  cartain  that  fixity  is  only  a relative  quality, 
and  that  there  is  no  matter  abfolutely  fo,  fince 
heat  dilates  the  moft  fixed  bodies.  Now  is 
not  this  dilation  the  index  of  a beginrring  re- 
paration, that  may  be  augmented  w'ith  a degree 
of  heat  to  fufion,  and  with  a ftill  greater  to 
volatilifation  ? 
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CombufUon  fuppofes  fomething  more  than 
volatilifation  ; it  is  not  fufficient  for  the  parts 
of  matter  to  be  fiifficiently  feparated  to  be  car- 
ried off  by  thofe  of  heat  ; they  mnft  alfo  be 
of  an  analogous  nature  to  fire  ; without  that, 
mercury,  as  well  as  being  the  moft  fluid  next 
to  air,  would  be  alfo  the  moft  combuftible, 
whereas  experience  demonftrates,  that  though 
very  volatile  it  is  not  combuftible.  Matter,  in 
general  is  compofed  of  four  principal  fub- 
ftances,  called  elements,  that  is,  earth,  water, 
air,  and  fire.  Thofe  in  which  earth  and  water 
predominate  will  be  fixed,  and  will  only  be- 
come volatile  by  the  action  of  heat  ; and  thofe 
which  contain  moft  air  and  fire  will  be  the 
only  real  combuftibles.  The  great  difficulty 
here  is  clearly  to  evince  lv)w  air  and  fire,  both 
very  volatile,  can  fix  and  become  conftittient 
parts  of  all  bodies. 

Fire,  by  abforbing  air,  deftroys  the  fpring. 
Now  there  are  only  two  methods  of  deftroying 
a fpring,  either  by  compreffing  it  till  it  breaks, 
or  extending  it  till  it  lofes  its  effect.  It  is 
plain  that  fire  does  not  deftroy  air  by  com- 
preffion,  fincc  the  leaft  degree  of  heat  rarefies 
it ; nay,  by  a very  ftrong  heat  the  rarefaction 
of  the  air  will  occupy  a fpace  thirteen  times 
more  extended  than  that  of  its  general  volume  ; 

by 
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by  this  means  the  fpring  becomes  weakened, 
' and  it  is  in  this  ftate  that  it  can  become  fixed, 
and  unite  with  other  bodies. 

Light,  which  falls  on  bodies,  is  not  nearly 
reflected,  but  remains  in  quantities  on  the 
fmall  thicknefs  of  the  furface  which  it  ftrikes  ; 
confequently  it  lofes  its  motion,  extends,  is  fix- 
ed, and  becomes  a conftituent  part  of  all  that 
penetrates  it.  Let  us  add  this  light,  tranf- 
formed  and  fixed  in  bodies,  to  the  above  air, 
and  to  both,  the  conftant  and  actual  heat  of  the 
terreftrial  globe,  whofe  fum  is  much  greater 
than  that  which  comes  from  the  fun,  and  then 
it  will  appear  to  be  not  only  one  of  the  greatefl 
fprings  of  the  mechanifm  of  Nature,  but  an 
element  with  which  the  whole  matter  of  the 
globe  is  penetrated. 

If  we  more  particularly  confider  the  nature 
of  combuflible  matters,  we  fhall  find,  that  they 
all  proceed  originally  from  vegetables  and  ani- 
mals ; in  a word,  from  bodies  placed  on  the 
furface  of  the  globe,  which  the  fun  enlightens, 
heats,  and  vivifies.  Wood,  and  even  coals, 
fat,  and  oil,  by  exprelfion,  wax  and  fuet,  are 
only  fubftances  immediately  from  animals  and 
vegetables.  Turf,  foflil,  coal,  amber,  liquid, 
or  concrete  bitumens,  are  the  productions  of 
their  mixture,  and  their  decompofition,  whofe 
yoL.x.  I ulterior 
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ulterior  wade  forms  fulphurs,  and  the  com- 
buftible  parts  of  iron,  tin,  pyrites,  and  every 
inflamrrable  mineral.  I know,  that  this  lalt 
alTeriion  will  not  be  admitted,  but  be  rejected 
by  thofe  who  have  ftudied  Nature  only  by  the 
mode  of  chemiftry  ; but  I mud  requed  them  to 
cpnfider,  that  their  method  is  not  that  of  Na- 
ture, and  that  it  cannot  even  approach  it  with- 
out banidiing  all  thofe  precarious  principles, 
thofe  fictitious  beings  which  they  play  upon, 
w’ithout  being  acquainted  with  them. 

But,  without  preding  longer  on  thofe  general 
confiderations,  let  us  purfue  in  a more  dire£l 
and  particular  manner  the  examination  of  fire 
and  its  efFe£ls.  The  a£lion  of  fire  depends 
much  on  the  manner  in  which  it  is  applied  ; 
and  the  effe£ls  of  its  motion,  on  fimilar  fub- 
dances,  will  appear  different  according  to  the 
mode  in  which  it  is  adminidered.  I conceive  fire 
fhould  be  confidered  in  three  different  dates, 
fird,  relative  to  its  velocity  ; fecondly,  as  to 
its  volume  ; and  thirdly,  as  to  its  mafs.  Un- 
der each  of  thefe  points  of  view,  this  element, 
fo  fimple,  and  fo  uniform  to  all  ‘appearance, 
will  appear  extremely  different.  The-velocity 
of  fire  is  augmented  without  the  apparent 
volume  being  increafed,  every  time  that  in  a 
fpace  given  and  filled  with  combudible  matters, 
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the  action  and  expanfion  of  fire  is  prefied  by- 
augmenting  the  velocity  of  the  air  by  bellows, 
caverns,  ventilators,  afpirative  tubes,  &c,  all 
of  which  accelerate  more  or  lefs  the  rapidity 
of  the  air  directed  on  the  fire.  The  action  of 
fire  is  augmented  by  its  volume,  when  a great 
quantity  of  combuftible  matters  is  accumulat- 
ed, and  the  heat  and  fire  is  driven  into  the  re- 
verberatory furnaces,  which  comprehends  thofe 
of  our  glafs,  porcelain,  and  pottery  manufac- 
tories, and  all  thofe  wherein  metals  and  mine- 
rals are  melted,  iron  excepted.  Fire  adlshere 
by  its  volume,  and  has  only  its  own  velocity, 
fince  the  rapidity  is  not  augmented  by  the  bel- 
lows, or  other  inftruments  which  carry  air  to 
the  fire. 

There  are  many  modes  of  augmenting  the 
adlion  of  fire  by  its  velocity  or  volume  ; but 
there  is  but  one  by  which  we  can  augment  its 
mafs  ; namely,  by  uniting  it  in  the  focus  of  a 
burning  glafs.  When  we  receive  on  the  re- 
fra£ling,  or  refledling  mirror,  the  rays  of  the 
fun,  or  even  thofe  of  a well-kindled  fire,  we 
unite  thenn  in  fo  much  the  lefs  fpace,  as  the 
mirror  is  longer,  and  the  focus  ihorter  ; for 
example,  by  a mirror  of  four  feet  diameter,  and 
one  inch  focus,  it  is  clear,  that  the  quantity  of 
light,  or  fire,  which  falls  on  the  four-feet  mirror, 
I 2 will 
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will  be  united  in  the  fpace  of  one  inch,  that  is, 
it  will  be  2304  times  denfer  than  it  was,  if  all 
the  incident  matter  arrived  to  this  focus  with- 
out any  lofs,  and  when  even  the  lofs  is  two 
thirds  or  three  fourths,  the  mafs  of  fire  concen- 
trated in  the  focus  of  this  mirror,  will  be  al- 
ways fix  or  feven  hundred  times  denfer  than  on 
the  furface.  In  this,  as  in  all  other  cafes,  the 
mafs  goes  by  the  contradlion  of  the  volume  ; 
and  the  fire  which  we  thus  augment  the  den- 
fity  of,  has  all  the  properties  of  a mafs  of  mat- 
ter ; for,  independent  of  the  a6lion  of  heat,  by 
which  it  penetrates  bodies,  it  impels  and  dif- 
places  them  as  a folid  moving  body  which  ftrikes 
another  would  do. 

Each  of  thefemodes  of  adminifleringfire,  and 
increafing  either  the  velocity,  volume,  or  mafs, 
often  produces  very  different  effe£ls  on  the  fame 
fubflances  ; infomuch,  that  no  reliance  is  to  be 
placed  on  any  thing  that  cannot  be  worked 
at  the  fame  time,  or  fucceflively,  by  all  three. 
In  the  like  manner,  as  I divide  into  three  ge- 
neral proceedings  the  adminiftration  of  this 
element,  I divide  every  matter  that  can  be  fub- 
mitted  to  its  a6lion  into  three  claffes.  Pafs- 
ing  over  for  the  prefent  thofe  which  are  purely 
cnmbuftible,  and  which  immediately  proceed 
from  animals  and  vegetables ; we  proceed  to 
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minerals,  in  the  firft  clafs  of  which  we  reckon 
thofe  mineral  matters,  which  this  a£tion,  conti- 
nued for  a long  time,  renders  lighter,  as  iron  ; 
in  the  fecond,  fuch  as  it  renders  heavier,  as  lead ; 
and  in  the  third  clafs,  are  thofe  matters  on 
which,  as  gold,  this  a£lion  of  fire  does  not  ap- 
pear to  produce  any  fenfible  eifedi,  fince  it  does 
not  at  all  alter  their  weight.  All  exifting  mat- 
ters, that  is,  all  fubftances  fimple  and  com- 
pounded, will  neceflarily  be  comprized  under 
one  of  thefe  three  claffes  ; and  experiments  on 
them  by  the  above  three  proceedings,  which 
are  not  difficult  to  be  made,  and  only  require 
exaftnefs  and  time,  might  devclope  many  ufe- 
ful  difcoveries,and  prove  very  necelTary  to  build 
on  real  principles  the  theory  of  chemiftry,  which 
has  hitherto  been  carried  on  by  a precarious 
nomenclatura,  and  on  words  the  more  vague  as 
they  are  the  more  general. 

Fire  is  the  lighted:  of  all  bodies,  notwith- 
ftanding  which  it  has  weight,  and  it  may  be 
demonftrated,  that  even  in  a fmall  volume  it  is 
really  heavy,  as  it  obeys,  like  all  other  matters, 
the  general  law  of  gravity,  and  confequently 
muft  have  connexions  or  affinities  with  other 
bodies.  All  matters  it  renders  more  weighty 
will  be  thofe  with  which  it  has  the  ureateft 

O 

affinity.  One  of  the  effects  of  this  affinity  in 
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the  matters  is  to  retain  the  fubftance  even  of 
fire,  with  which  it  is  incorporated,  and  this  in- 
corporation fuppofes  that  fire  not  only  lofes  its 
heat  and  elafticity,  but  even  all  its  motion,  fince 
it  fixes  itfelf  in  thefe  bodies,  and  becomes  a 
confiituent  part.  From  which  it  may  be  ima- 
gined that  there  is  fire  under  a fixed  and  con- 
Crete  form  in  almoft  every  body. 

It  is  evident,  that  all  matters,  whofe  weight 
increafes  by  the  action  of  fire,  are  endowed 
with  an  attractive  force  fuperior  to  that  of  the 
expanfion,  the  fiery  particles  of  which  are 
animated  ; this  being  extinguilhed  the  motion 
ceafes,  and  the  elaftic  and  fugitive  particles  be- 
come fixed,  and  take  a concrete  form.  Thus 
matters,  whofe  weight  is  increafed  by  fire,  as 
tin,  lead.  Sic.  ^re  fubflances  which,  by  their 
affinity  with  fire,  attract  and  incorporate.  All 
matters,  on  the  contrary,  which,  like  iron, 
copper,  Sic.  become  lighter  in  proportion  as 
they  calcine,  are  fubflances  whofe  attractive 
forces,  relative  to  the  igneous  particles,  is  lefs 
than  the  expanfive  force  of  fire  ; this  is  what 
caufes  fire,  inflead  of  fixing  in  thefe  mat- 
ters, to  carry  off  and  drive  away  the  leafl  ad- 
herent parts  which  cannot  refill  its  impul- 
fion.  Thofe,  which  like  gold,  platina,  filver, 
&.C.  neither  lofe  nor  acquire  by  the  application 
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cf  fire,  are  fubftances  which,  having  no  affinity 
with  fire,  and  not  being  able  to  unite,  cannot, 
confequently,  either  retain  or  accompany  i? 
when  it  is  carried  off.  The  matters  of  the  two 
firft  clafies  clearly,  therefore,  have  a certain 
degree  of  affinity  with  fire,  fince  thofe  of  the 
fecond  clafs  are  loaded  with  fire,  which  they 
retain  ; and  the  fire  loads  itfelf  with  thofe  of 
the  firft  clafs,  which  it  carries  off;  whereas  the 
matters  of  the  third  clafs,  to  which  it  neither 
lends  nor  borrows,  have  not  any  affinity  or  at- 
traction with  it,  but  are  indifferent  to  its  ac- 
tion, which  can  -neither  unnaturalize  nor  even 
change  them. 

This  divifion  of  every  matter  into  three 
claffes,  relative  to  the  action  of  fire,  does  not 
exclude  the  more  particular  and  lefs  abfolute 
divifion  of  all  matters  into  two  other  claffes, 
hitherto  regarded  as  relative  to  their  own  na- 
ture, which  is  faid  to  be  always  vitrifiable,  or 
calcareous.  Our  new  divifion  is  only  a more 
elevated  point  of  view,  under  which  w?  muft 
confider  them,  to  endeavour  to  deduce  there- 
from even  the  agent  that  is  ufed  by  the  rela- 
tions fire  can -have  with  every  fubftance  to 
which  it  is  applied. 

We  might  fay,  with  naturalifts,  that  all  is 
vitrifiable  in  Nature,  excepting  that  which  is 
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calcareous:  that  chryflals,  precious  ftoncs.gres, 
granates,  porphyries,  agates,  gypfums,  argots, 
lava,  pumice  Hone,  with  all  metals  and  other 
minerals,  are  vitrifiable  either  by  the  fire  of  our 
furnaces  or  that  of  mirrors  ; whereas  marble, 
alabafter,  chalk,  marl,  and  other  ftibftances 
which  proceed  from  the  wafte  fiiells  and  ma- 
drepores, cannot  be  reduced  into  fiifion  by 
thefe  means.  Neverthelefs,  I am  perfuaded  ' 
that  if  the  power  of  our  furnaces  and  mirrors 
were  farther  increafed,  we  ihould  be  enabled  to 
put  thefe  calcareous  matters  in  fufion  ; fince 
there  are  a multiplicity  of  reafons  to  conclude, 
that  at  the  bottom  their  fubftance  is  the  fame, 
and  that  glafs  is  the  common  bafts  of  all  ter- 
refirial  matters. 

By  my  own  experiments  I have  found,  that 
the  moft  powerful  glafs  furnaces  is  only  a weak 
fire,  compared  with  that  of  bellows  furnaces  ; 
and  that  fi'e  produced  in  the  focus  of  a good 
mirror,  is  fiill  fironger.  I have  kept  iron  ore 
for  thirfy-fix  hours  in  the  hottefl  part  of  the 
glafs  furnace  of  Rouelle,  in  Burgundy,  without 
its  being  melted,  agglutinated,  or  even  in  any 
manner  changed;  whereas,  in  lefs  than  twelve 
hours  this  ore  runs  in  a forge  furnace,  I have 
alfo  melted,  or  volatilized,  in  a mirror  many 
matters  w hich  neither  the  fire,  nor  reverbera- 
tory 
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tory  furnace,  nor  the  mod  powerful  bellows 
furnace  could  caufe  to  run. 

It  is  commonly  fuppofed,  that  flame  is  the 
hottefl;  part  of  fire,  yet  the  contrary  may  be  de- 
monftrated  by  the  eafiefl:  arid  moft  familiar  ex- 
periments. Offer  to  a ftraVv  fire,  or  even  to  the 
flame  of  a lighted  fagot,  a cloth  to  dry  or  heat, 
and  treble  the  time  will  be  required  to  what 
would  be  necefl'ary  if  prefented  to  a brafier 
without  flame.  Newton  defines  flame  to  be  a 
burning  fmoke,  and  this  fmoke,  or  vapour,  has 
never  the  fame  quantity  or  intenfity  of  heat  as 
the  combuftible  body  from  which  it  efcapes. 
By  being  carried  upwards  and  extending,  it  has 
the  property  of  communicating  fire,  and  carry- 
ing it  farther  than  the  heat  of  the  brafier, 
which  alone  might  not  be  fufficient  to  com- 
municate it  when  even  very  near. 

Thecommunication  of  firemerits  a particular 
attention.  I found,  after  repeated  reflections, 
that  befides  the  afliftance  of  facts  which  appear 
to  have  a relation  therewith,  that  experiments 
w'ere  necefl'ary  to  underfland  the  manner  in 
which  this  operation  of  Nature  is  made.  Let 
us  receive  two  or  three  thoufand  weight  of  iron 
in  a mould  at  its  iffuing  from  the  furnace;  this 
metal  in  a fhort  time  lofes  its  incandefcence, 
and  ceafes  from  its  rednefs,  according  to  the 
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thicknefs  of  the  ingot.  If  at  the  moment  its 
rednefs  leaves  it,  it  is  drawn  from  the  mold, 
the  under  parts  will  be  dill  red,  but  this  colour 
will  fly  off  Now,  fo  long  as  the  rednefs  fub- 
flfts,  we  can  light  combuflible  matters  by  ap- 
plying them  to  the  ingot ; but  as  Toon  as  it  has 
lofl  its  incandefeent  flate,  there  are  numbers  of 
matters  which  it  will  not  fet  fire  to,  altho’  the 
heat  which  it  dilFufes  is,  perhaps,  a lumdred 
times  ftrOnger  than  that  of  a flraw  fire,  which 
would  inflame  them.  This  flame  being  necef- 
fary  to  the  communication  of  fire,  I am  Induced 
to  believe  there  is  a flame  in  all  incandefcence. 
The  red  colour  feems,  in  fa£l,  to  indicate  it ; 
and  indeed  I am  convinced,  that  combuflible, 
and  even  the  moft  fixed  matters,  fuch  as  gold 
and  filver,  when  in  an  incandefeent  flate,  are 
furrounded  with  a denfc  flame  w'hich  extends 
only  to  a very  fliort  diflance,  and  which  is  at- 
tached to  their  furface  ; and  I can  eafily  con- 
ceive, that  when  flame  becomes  denfe  to  a cer- 
tain degree,  it  ceafes  from  obeying  the  flue- 
- tuation  of  the  air.  This  white  or  red  body, 
which  iifues  from  all  bodies  in  incandefcence, 
and  which  flrikes  our  eyes,  is  the  evaporation 
of  this  denfe  flame  which  furrounds  the  body  by 
renewing  itfclf  inceflantly  on  its  flirface  ; and 
even  the  light  of  the  fun,  which  emits  fuch  an 
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amazing  brightnefs,  I prefume  to  be  only  an 
evaporation  of  the  denfe  ftate  that  conftantly 
plays  on  its  furface ; and  which  we  miift  re- 
gard as  a true  flame,  more  pure  and  denfe  than 
any  proceeding  from  our  combuftible  mat- 
ters. 

It  is,  therefore,  by  light  that  fire  communi- 
cates, and  heat  alone  cannot  produce  the  fame 
effedlas  when  it  becomes  very  flrong  to  be  lu- 
minous. Even  water,  that  deftrudlive  element 
to  fire,  by  which  alone  we  can  prevent  its  pro- 
grefs,  neverthelefs  communicates  when  in  a 
well-clofed  veffel,  fuch  as  Papin’s  digefter, 
where  it  is  penetrated  w'ith  a fufficient  quantity 
of  fire  to  render  it  luminous,  and  capable  of 
melting  lead  and  tin,  whereas  when  it  is  only 
boiling,  far  from  communicating  fire,  it  extin- 
guifhes  it  immediately.  It  is  true,  that  heat 
alone  is  fufficient  to  prepare  and  difpofe  com- 
buftible bodies  for  inflammation,  by  driving  off 
the  humid  parts  from  bodies ; and  what  is  very 
remarkable,  this  heat,  which  dilates  all  bodies, 
does  not  defift  from  hardening  them  by  drying. 
I have  an  hundred  times  difcovered,  by  examin- 
ing the  ftones  of  my  great  furnaces,  efpeclally 
the  calcareous,  they  increafed  in  hardnefs  in 
proportion  to  the  time  they  had  undergone  the 
heat,  and  they  alfo  at  the  fame  time  became 
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fpecifically  heavier.  From  this  circumftance, 
I think  an  indudion  may  be  drawn,  which 
would  prove,  and  fully  confirm,  that  heat, 
altliough  in  appearance  always  fugitive  and 
never  ftable  in  the  bodies  which  it  penetrates, 
neverthelefs  depofits  in  a pofitive  manner 
many  parts  which  fixes  there  even  in  greater 
quantities  than  the  aqueous  and  other  parts 
which  it  has  driven  off.  But  what  appears 
very  difficult  to  be  reconciled,  this  fame  cal- 
careous ftone,  w'hich  becomes  fpecifically  hea- 
vier by  the  adion  of  a moderate  heat  a long 
time  continued,  becomes  near  a half  lighter, 
when  fubmitted  to  a fire  fufficient  for  its  calci- 
nation, and,  at  the  fame  time,  not  only  lofes 
all  the  hardnefs  it  had  acquired  by  the  adion 
of  heat,  but  even  the  natural  adherence  of  its 
conflituting  parts. 

Calcination  generally  received,  is,  with  re- 
fped  to  fixed  and  incombuftible  bodies,  what 
combuflion  is  to  volatile  and  inflammable. 
Calcination,  like  combuflion,  needs  the  affifl- 
ance  of  air  ; it  operates  fo  much  the  quicker, 
as  it  is  furnifhed  with  a greater  quantity  of  that 
element,  without  which  the  fierceft  fire  cannot 
calcine  nor  inflame  any  thing,  except  fuch 
matters  as  contain  in  themfclves  all  the  air  ne- 
cefl'ary  for  thofe  purpofes.  This  neceffity  for 
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the  concurrence  of  air  in  calcination,  as  in  com- 
buftion,  indicates,  that  there  are  more  things 
common  between  them  than  has  been  fufpefted. 
The  application  of  fire  is  the  principal  of  both; 
that  of  air  is  the  fecond  caufe,  and  almoft  as 
neceflary  as  the  firft  ; but  thefe  two  caufes  are 
equally  combined,  according  as  they  a£f  in  more 
or  lefs  time,  and  with  more  or  lefs  pow'er  on 
different  fubftances. 

Combuftion  operates  almoft  inftantaneoufly, 
calcination  is  fometimes  fo  long,  as  to  be 
thought  impoflible  ; for,  in  proportion  as  mat- 
ters are  more  incombuftible,  the  calcination 
is  there  more  ftowly  made ; and  when  the  con- 
ftituent  parts  of  a ftibftance,  fuch  as  gold,  are 
not  only,  incombuftible,  but  appear  fo  fixed  as 
not  to  be  volatilized,  calcination  produces  no 
elfeft.  They  muft  both,  therefore,  be  con- 
fidered  as  effefts  of  the  fame  caufe,  whofe 
two  extremes  are  delineated  to  us  by  phof- 
phorous,  which  is  the  moft  inflammable  of 
all  bodies,  and  by  gold,  which  is  the  moft 
fixed  and  leaft  combuftible.  All  fubftances 
comprifed  between  thefe  two  extremes,  will 
be  more  or  lefs  fubjefted  to  the  effects  of 
combuftion  and  calcination,  according  as  they 
approach  either  of  them  ; infomuch,  that 
in  the  middle  points  there  will  be  found 
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fubflances  that  endure  an  almofl:  equal  degree 
of  both  ; from  which  we  may  conclude,  that 
all  calcination  is  always  accompanied  with  a 
little  combiiftion,  and  all  combullion  with  a 
little  calcination.  Cinders,  and  other  refidue 
of  the  moll  .combiiflible  matters,  demonllrate 
that  hre  has  calcined  all  the  parts  it  has  not 
btirned,  and  confequtntly,  a little  calcination 
is  found  here  with  combullion.  The  fmall 
flame  which  rifes  from  mofl  matters,  that  are 
calcined,  demonllrates  alio  that  a flight  com- 
bullion is  made.  Thus,  we  mull  not  feparate 
thefe  two  flFects,  if  we  would  find  out  the  re- 
fults  of  the  action  of  fire  on  the  different  fub- 
llanccs  to  which  it  is  applied. 

But  it  may  be  faid,  that  combullion  always 
diminilhes  the  volume  nr  mafs,  by  rcafon  of 
the  quantity  of  matter  it  confumes;  and  that 
calcination  incrcafes  the  w'eight  of  many 
fubllances.  Such  an  objection  appears  well- 
founded,  and  defcTves  an  anfwer,  efpecially  as 
this  is  the  moll  difficult  point  of  the  quellion. 
For  that  purpofe  let  us  confidcr  a matter  in 
which  we  fliall  fuppole  one  half  to  be  fixed 
parts,  and  the  other  volatile  or  combuflible. 
By  the  application  of  fire  to  this  all  the  vola- 
tile or  combuflible  parts  will  be  raifed  up  or 
burnt,  and  confequently  feparated  from  the 
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whole  mafs  ; from  hence  this  mafs  or  quantity 
of  matter  will  be  found  diminifhed  one  half,  as 
we  fee  It  in  calcareous  ftones,  which  lofe  near 
half  their  weight  in  the  fire.  But  if  we  con- 
tinue to  apply  the  fire  for  a very  long  time  to 
the- other  half,  compofed  of  fixed  parts,  ail 
combuftioli  and  volatilization  being  ceafed,that 
matter,  inftead  of  continuing  to  lofe  its  miafs, 
mufl;  encreafe  at  the  expence  of  the  air  and  fire 
with  which  it  is  penetrated ; and  thofeare  mat- 
ters already  calcined,  and  prepared  by  Nature 
to  the  degree  where  combulfion  ceafes,  and 
confequently  fufceptible  to  augment  the  w'eight 
from' the  firfl:  moment  of  the  application.  We 
have  feen,  that  light  extinguifhes  on  the  fur- 
face  of  all  bodies  which  do  not  reflect  ; and 
that  heat,  by  long  refidence,  fixes  partly  in  the 
matters  w'hich  it  penetrates ; we  know  that 
air  is  neceflary  for  calcination,  or  combuftion, 
and  the  more  fo  for  calcination  as  matters  have 
more  fixity  in  th.e  external  parts  of  bodies,  and 
become  a conftituent  part ; hence,  it  is  natural 
to  imagine,  that  this  augmentation  of  weight 
proceeds  only  from  the  addition  of  the  particles 
of  light,  heat,  and  air,  which  are  at  length 
fixed  and  united  to  one  matter,  againft  whiclt 
; they  have  made  fo  many  efforts,  without  being 
able  either  to  raife  or  burn  them.  This  appears 
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clearly  to  be  the  fact,  for  if  we  afterwards  pre- 
fent  a combuftible  fubftance  to  them  they  will 
quit  the  fixed  matter,  to  w hich*  they  were  only 
attached  through  force,  retake  their  natural 
motion,  elafticity,  and  volatility,  and  all  de- 
part w'ith  it ; from  hence,  metal,  or  calcinizcd 
matter,  to  which  thefe  volatile  parts  has  been 
rendered,  retakes  its  priftinc  form,  and  its 
weight  is  found  diminilhed  by  the  whole  quan- 
tity of  fiery  and  airy  particles  which  were  fixed 
in  it,  and  which  had  been  jufi  raifed  by  this 
new  combuftion.  All  this  is  performed  by  the 
foie  law  of  affinities  ; and  there  feems  to  be  no 
more  difficulty  to  conceive  how  the  lime  of  a 
metal  is  reduced,  than  to  underftand  how  it  is 
precipitated  in  dill'olution  ; the  caufe  is  the 
fame,  and  the  effects  are  fimilar.  A metal  dif- 
folved  by  an  acid,  will  precipitate  when  to  this 
acid  another  fubflance  is  offered  with  which 
it  has  more  affinity  than  metal,  the  acid  then 
quits  it  and  falls  to  the  bottom.  So,  likewife, 
this  m.etal  calcines,  that  is,  loaded  with  parts 
of  air,  heat,  and  fire,  which  being  fixed,  keeps 
it  under  the  form  of  a lime,  and  will  precipi- 
tate, or  be  reduced,  when  prefented  to  this  fire 
and  fixed  air>  from  the  combuftible  matters 
with  which  they  have  more  affinity  than  with 
the  metal  ; the  latter  will  retake  its  firft  form 
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as  foon  as  it  is  difembarraffed  from  this  fupcr- 
fluous  air  and  fire,  at  the  expence  of  the  com- 
buftible  matters  offered  to  it,  and  the  volatile 
parts  it  had  loft. 

I think  I have  now  demonftrated,  that  all  the 
little  laws  of  chemical  affinities,  which  ap- 
peared fo  variable  and  different,  are  no  other 
than  the  general  laws  of  attra£lion,  common 
to  all  matter.  That  this  great  law,  always 
conftant  and  the  fame,  appeared  only  to  vary 
by  its  expreffion,  which  cannot  be  the  fame 
when  the  figure  of  bodies  enters,  like  an  ele- 
ment, into  the:ir  diftance.  With  this  new  key 
we  can  unlock  the  moft  profound  fecrets  of 
Nature  ; we  can  attain  the  knowledge  of  the 
figure  of  the  primitive  parts  of  different  fub- 
ftances ; affign  the  laws  and  degrees  of  their 
affinities ; determine  the  forms  which  they 
take  by  re-uniting,  &c.  I think  alfo,  I have 
made  it  appear  that  impulfion  depends  on  at- 
tradlion  ; and  that,  although  it  may  be  con- 
fidered  as  a different  force,  it  is,  notwithftand- 
ing,  a particular  effe£l;  of  this  foie  and  ge- 
neral one.  I have  confidered  the  communi- 
cation of  motion  as  impoftible  any  otherwifc 
than  by  a fpring,  from  whence  I have  con- 
cluded, that  all  bodies  in  Nature  are  mors 
VOL.  X.  L 
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or  lefs  elaftic,  and  that  there  is  not  one  perfe<S- 
ly  hard;  that  is,  entirely  deprived  of  a fpring, 
fince  all  are  fufceptible  of  receiving  motion.  I 
have  endeavoured  to  Ihew  how  this  foie  force 
may  change  dire£lion,  and  the  attraftion  be- 
come at  once  repulfive  ; and  from  thefe  oppo- 
fite  principles,  which  are  all  founded  on  ra- 
tional mechanics,  I have  fought  to  reduce  the 
principal  operations  of  Nature,  fuch  as  the  pro- 
duftion  of  light,  heat,  and  fire,  and  their  adfion 
on  different  fubftances  ; this  laft  object  which 
interefts  us  the  moft  in  a vaft  field,  but  of  which 
I can  only  cultivate  a little  fpot,  yet  I prefume 
I may  render  fome  afllftance,  by  putting  into 
more  capable  and  laborious  hands  the  inftru- 
ments  I made  ufe  of.  Thefe  infi ruments  were 
the  three  modes  of  making  ufe  of  fire,  that  is, 
by  its  velocity,  volume,  and  mafs;  by  applying 
it  concurrently  to  the  three  claffes  of  fub- 
ftances, which  either  lofe,  gain,  or  are  not  af- 
fected by  the  application  of  fire. 
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OF  AIR,  WATER,  AND  EARTH. 


BY  our  former  obfervations  it  appears  that 
air  is  the  neceflary  and  firft  food  of  fire,  which 
can  neither  fubfift  nor  propagate  but  by  what 
it  affimilates,  confumes,  or  carries  off,  of  that 
element,  whereas,  of  all  material  fubftances, 
air  is  that  which  feems  to  exift  the  moft  in- 
dependently of  the  aid  or  prefence  of  fire,  for 
although  it  habitually  has  nearly  the  fame  heat 
as  other  matters  it  can  do  without  it,  and  re- 
quires infinitely  lefs  than  any  of  the  reft  to 
fupport  its  fluidity,  fince  the  moft  exceflive 
cold  cannot  deprive  it  of  that.  The  ftrongeft 
condenfations  are  not  capable  of  breaking  its 
fpring;  the  a<ftive  fire,  in  combuftible  matters, 
is  the  only  agent  which  can  alter  its  nature  by 
rarefying  and  extending  its  fpring  to  the  point 
of  rendering  it  ineffectual,  and  thus  deftoying 
its  elafticity.  In  this  ftate,  and  in  all  the  links 
which  precede,  the  air  is  capable  of  re-affum* 
ing  its  elafticity,  in  proportion  as  the  vapours 
of  combuftible  matters  evaporate  and  feparate 
from  it.  But  if  the  fpring  has  been  totally 
L 2 ■ weakened 
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'weakened  and  extended,  that  it  cannot  re-inftate 
itfelf,  from  having  loft  all  its  elaftic  power,  the 
air  of  the  volatile  part,  which  was  before  a 
fixed  fubftance  that  incorporated  with  other 
fubftances,  would  make  a conftituent  part  of 
all  thofe  to  which  it  unites  by  contact.  Under 
this  new  form  it  can  no  longer  forfake  the  fire, 
but  to  unite,  like  fixed  matter,  to  other  fixed 
matters  ; and  if  there  remains  fome  parts  in- 
feparable  from  fire  they  then  make  a portion  of 
that  element,  ferve  it  for  a bafe,  and  are  de- 
pofited  with  it  in  the  fubftance  they  heat  and 
penetrate  together.  This  effect  is  manifefted 
in  all  calcinations,  and  is  the  more  fenfible  as 
the  heat  is  longer  but  combuftion  demands 
only  a fmall  time  to  completely  effectuate  the 
fame.  If  we  wilh  to  haften  calcination  the 
ufe  of  bellows  may  be  neceffary,  not  fo  much 
to  augment  the  heat  of  the  fire  as  to  eftablifh 
a current  of  air  on  the  furface  of  the  matters  ; 
yet  it  is  not  requifite  for  the  fire  to  be  very 
fierce  to  deprive  air  of  its  elafticity,  for  a very 
moderate  heat,  when  conftant  applied  on  a 
fmall  quantity,  is  fufficient  to  deftroy  the 
fpring  ; and  for  this  air,  without  fpring,  to  fix 
itfelf  afterwards  in  bodies,  there  is  only  a little 
more  or  lefs  time  required,  according  to  the 
affinity  it  may  have  under  this  new  form,  with 

the 


NATURAL  HISTORY. 


77 


the  matters  to  which  it  unites.  The  heat  of 
the  body  of  animals  or  vegetables  is  fufficient- 
ly  powerful  to  produce  this  effect.  The  de- 
grees of  heat  are  different  in  different  kinds 
of  animals  : birds  are  the  hotteft,  from  which 
W'e  pafs  fucceffively  to  quadrupeds,  man, 
cetaceous,  animals,  reptiles,  fifh,  infects,  and 
laftly,  to  vegetables,  whofe  heat  is  fo  trifling  as 
to  have  made  moft  naturalifts  declare  they  had 
not  any,  although  it  is  very  apparent,  and  in 
winter  furpaffes  that  of  the  atmofphere.  1 have 
obferved  on  a great  number  of  trees,  cut  in  cold 
weather,  that  their  internal  part  was  fenfibly 
warm,  and  that  this  heat  remained  for  many 
minutes.  This  heat  is  only  moderate  while 
the  tree  is  young  and  found,  but  as  foon  as  it 
grows  old  the  heart  heats  by  the  fermenta- 
tion of  the  pith,  which  no  longer  circulates 
there  with  the  fame  freedom  ; and  as  foon  as 
this  heat  begins  the  centre  receives  a red  tint, 
which  is  the  firfl;  index  of  the  perifliing  flate 
of  the  tree,  and  the  diforganization  of  the 
wood.  The  reafon  naturalifts  have  not  found 
there  was  a difference  between  the  temperature 
of  the  air  and  the  heat  of  vegetables  is,  be- 
caufe  they  have  made  their  obfervations  at  a 
bad  time  of  the  year,  and  not  paid  attention, 
that  in  the  fummer  the  heat  of  the  air  exceeds 
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that  of  the  internal  part  of  a tree  ; whereas  in 
winter  it  is  quite  the  contrary.  They  have 
not  remembered  that  the  roots  have  conftantly 
the  degrees  of  heat  which  furrounds  them,  and 
that  this  heat  of  the  internal  part  of  the  earth 
is,  during  all  winter,  confiderably  greater  than 
that  of  the  air,  and  the  furface  of  the  earth. 
They  did  not  confider  that  the  motion  alone 
of  the  pith,  already  warm,  is  a necelTary  caufe 
of  heat,  and  that  this  motion,  increafing  by  the 
action  of  the  fun,  or  by  an  external  heat,  that 
of  vegetables  mufl:  be  fo  much  the  greater  as 
the  motion  of  their  pith  is  more  accelerated. 
See.  , 

Here  the  air  contributes  to  the  animal  and 
vital  heat,  as  we  have  feen  that  it  does  to  the 
action  of  fire  in  combuftible  and  calcinable 
matters.  Animals,  which  have  changes,  and 
refpire  air,  have  more  heat  than  thofe  deprived 
of  it  ; and  the  more  the  intertal  furface  of  the 
lungs  is  extended,  and  ramified  in  a greater 
number  of  cells,  the  more  it  prefents  greater 
fuperficies  to  the  air  which  the  animal  draws 
by  infpiration  ; the  more  alfo  its  blood  becomes 
hotter,  the  more  it  communicates  heat  to 
all  parts  of  the  body  it  nourifhes,  and  this 
proportion  takes  place  in  all  known  animals. 
Birds,  relatively  to  the  volume  of  their  body, 
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have  lungs  confiderably  more  extended  than 
man  or  quadrupeds.  Reptiles, oven  thofe  with, 
a voice,  as  frogs,  inftead  of  lungs  have  a fimple 
bladder.  Infects  which  have  little  or  no  blood 
pump  the  air  only  by  fome  pipes,  &c.  Thus 
by  taking  the  degree  of  the  temperature  of 
the  earth  for  the  term  of  comparifon,,  I have 
obferved  that  this  heat  being  fuppofed  ten  de- 
grees, that  of  birds  was  nearly  thirty-three, 
that  of  fome  quadrupeds  more  than  thirty- one 
and  a half,  that  of  man  thirty  and  a half,  or 
thirty-one,  whereas  that  of  frogs  is  only  fifteen 
or  fixteen,  and  that  of  fifhes  and  infedls  only 
eleven  or  twelve,  which  is  nearly  the  fame  as 
that  of  vegetables.  Thus  the  degree  of  heat 
in  man  and  animals  depends  on  the  force  and 
extent  of  the  lungs  ; thefe^re  the  bellows  of 
the  animal  machine  : the  only  difficulty  is  to 
conceive  how  they  may  carry  the  air  on  the 
fire  which  animates  us,  a fire  whofe  focus 
feems  to  be  indeterminate  ; a fire  that  has  not 
even  been  qualified  with  this  name,  becaufe  it 
is  without  flame  or  any  apparent  fmoke,  and 
its  heat  is  only  moderate  and  uniform.  How- 
ever, if  we  confider  that  heat  and  fire  are  the 
effedls,  and  even  the  elements  of  the  fame 
clafs  ; that  heat  rarefies  air,  and  that,  by  ex- 
tending its  fpring,  it  may  render  it  without 
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cfFc£l  ; we  may  imagine,  that  the  air  drawn 
by  our  lungs  will  be  greatly  rarefied,  lofe  its 
fpring  in  the  bronchia  and  little  veficles,  where 
it  foon  will  be  deftroyed  by  the  arterial  and 
venous  blood,  forthefe  blood-vefiels  are  fepa- 
rated  from  the  pulmonary  veficles  by  fuch  thin 
divifions  that  the  air  eafily  pafies  into  the 
blood,  where  it  produces  the  fame  eife£l:  as 
upon  common  fire,  becaufe  the  heat  of  this 
blood  is  more  than  fufficient  to  deflroy  the 
elafticity  of  the  particles  of  air,  and  to  drag 
them  under  this  new  form  into  all  the  roads 
of  circulation.  The  fire  of  the  animal  body 
differs  little  from  common  fire,  excepting  the 
degree  of  heat  is  lefs  ; from  hence  there  is  no 
flame,  becaufe  the  vapours,  which  reprefent 
the  fmoke,  have  no^  heat  enough  to  inflame ; 
every  other  effeft  is  the  fame  : the  refpiration 
of  a young  animal  abforbs  as  much  air  as  the 
light  of  a candle,  for  if  inclofed  in  vcflels  of 
equal  capacities  the  animal  dies  in  the  fame 
time  as  the  candle  extinguifhes : nothing  can 
more  evidently  demonftrate  that  the  fire  of  the 
animal  and  that  of  the  candle  are  not  only  of 
the  fame  clafs  but  of  the  fame  nature,  and  to 
which  the  afliflance  of  the  air  is  equally  ne- 
ceffary. 
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V’^egetables,  and  moft  infe£i;s,  inftead  of 
lungs,  have  only  afpiratory  tubes,  by  which 
they  pump  up  the  air  that  is  neceffary  for  them ; 
it  pafles  in  very  fenfible  balls  into  the  pith  of 
the  vine.  The  air  is  not  only  pumped  up  by 
the  roots  but  often  even  by  the  leaves,  and  forms 
a very  eilential  part  of  the  food  of  the  vegetable 
which  affimilates,  fixes,  and  preferves  it.  Ex- 
perience fully  confirms  all  we  have  advanced 
on  this  fubje£t,  and  that  all  combuftible  mat- 
ters contain  a confiderable  quantity  of  fixed  air, 
as  do  alfo  all  animals  and  vegetables,  and  all 
their  parts,  and  the  wafte  w hich  proceeds  there- 
from ; and  that  the  greateft  number  likewife 
include  a certain  quantity  of  elaftic  air.  And, 
notwithftanding  the  chimerical  ideas  of  fome 
chemifts,  .refpe£ling  phlogifton,  there  does  not 
remain  the  fmalleft  doubt  but  that  fire  or  light 
produces,  with  the  afliftance  of  air,  all  the  ef- 
fe£ls  thereof. 

Minerals,  which  like  fulphur  and  pyrites, 
contain  in  their  fubftance  a quantity  of  the  ul- 
terior wafte  of  animals  and  vegetables,  include 
from  thence  combuftible  matters,  which  con- 
tain more  or  lefs  fixed  air,  but  always  much 
lefs  than  the  purely  animal  or  vegetable  fub- 
ftances.  We  can  drive  from  them  this  fixed 
air  by  combuftion.  In  animal  and  vegetable 
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matters  it  Isdifengaged  by  fimple  fermentation, 
which,  like  combuftion,  has  always  need  of  air 
for  its  operation.  Sulphurs  and  pyrites  are  not 
the  only  Minerals  which  mufl:  be  looked  upon 
as  combuftible,  there  are  many  others,  which 
1 fhall  not  here  enumerate,  becaufe  it  is  fuffi- 
cient  to  remark,  their  degree  of  comhuflion 
depends  commonly  on  the  quantity  of  fulphur 
which  they  contain.  All  combuftible  minerals 
originally  derive  this  property  either  from  the 
mixture  of  animal  or  vegetable  parts  which  are 
incorporated  with  them,  or  from  the  particles 
of  light,  heat,  and  air,  which,  by  the  lapfe  of 
time,  are  fixed  in  their  internal  part.  Nothing, 
according  to  my  opinion,  is  combuftible  but 
that  which  has  been  formed  by  gentle  heat, 
that  is,  by  thefe  fame  elements  combined  in  all 
the  fubftances  which  the  fun  brightens  and  vi- 
vifies, or  in  that  which  the  internal  heat  of  the 
earth  foments  and  unites. 

The  internal  heat  of  the  globe  of  the  earth, 
of  which  we  have  already  treated,  is  always 
fubfifting  and  conftant  : it  enters,  like  an  ele- 
ment, into  all  the  combinations  of  the  other 
elements,  and  is  more  than  fufficient  to  produce 
the  fame  elFedls  on  air  as  actual  fire  on  animal 
heat  ; confequently  this  internal  heat  of  the 
earth  will  deftroy  the  elafticity  of  the  air,  and 
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render  it  fixed,  which  being  divided  into  mi- 
nute parts  will  enter  into  a great  number  of 
fubftances,  from  hence  they  will  contain  par- 
ticles of  fixed  air  and  fire,  which  are  the  firft 
principles  of  combuftibility  ; but  they  will  be 
found  in  different  quantities,  according  to  their 
degree  of  affinity  with  the  fubftance,  and  this 
degree  will  greatly  depend  on  the  quantity 
thefe  fubftances  contain  of  animal  and  vegetable 
parts,  which  appear  to  be  the  bale  of  all  com- 
buftible  matter.  Moft  metallic  minerals,  and 
even  metals,  contain  great  quantities  of  com- 
buftible  parts  ; zinc,  antimony,  iron,  copper, 
&c.  burn  and  produce  a very  brifk  flame,  as 
long  as  the  combuftion  of  thefe  inflammable 
parts  remain,  after  which,  if  the  fire  is  conti- 
nued, the  calcination  begins,  during  which 
there  enters  into  them  new  parts  of  air  and 
heat,  which  fixes,  and  cannot  be  difengaged 
but  by  prefenting  to  them  combuftible  matters, 
with  which  they  have  a greater  affinity  than 
with  thofe  of  the  mineral,  with  which  they  are 
only  united  by  the  effort  of  calcination.  It 
feems,  therefore,  that  the  converfion  of  metal- 
lic fubftances  into  drofs,  and  their  redudlion, 
might  be  very  clearly  underftood  without  ap- 
plying to  fecondary  princples,  or  arbitrary  hy- 
pothefes,  for  their  explanation. 
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Having  conficlered  the  aftion  of  fixed  air  in 
the  moil;  fecret  operations  of  nature,  let  us  take 
a view  of  it  when  it  refides  in  bodies  under  an 
elaftic  form  ; its  efFcfts  are  then  as  variable  as 
the  degrees  of  its  elafticity,  and  its  aflion,  tho’ 
always  the  fame,  feems  to  give  diflFerent  pro- 
du£ls  in  different  fubflanccs.  To  bring  this 
confidcration  back  to  a point  of  general  view, 
we  will  compare  it  with  water  and  earth,  as  we 
have  already  compared  it  with  fire  ; the  refults 
of  this  comparifon  between  the  four  elements 
will  afterwards  be  eafily  applied  to  every  fub- 
ftance,  fince  they  are  all  only  compofed  of  thefe 
lour  real  principles. 

The  greateft  cold  that  is  known,  cannot  de- 
ftroy  the  fpring  of  the  air,  and  the  leaft  heat  is 
fufficicnt  for  that  purpofe.  Between  the  flate 
of  fixity,  and  that  of  perfeft  elafticity,  there  is, 
however,  all  the  links  of  the  intermediate  ftates, 
in  one  of  which  it  always  refides  in  earth  and 
w'ater,  and  all  the  fubftances  which  are  com- 
pofed of  them  ; for  example,  water,  which  ap- 
pears fo  fimple  a fubftance,  contains  a certain 
quantity  of  air,  which  isneitherfixed  norelaftic, 
as  is  plain  from  its  congelation,  ebullition,  and 
refiftancc  to  all  compreftioii,&c.  Experimental 
phyfic  demonftrates,  that  water  is  incompref- 
fible,  for  inftead  of  fhrinkingand  entering  into 
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itfelf  when  prelTed,  it  paffes  through  the  moft 
folid  and  thickeft  veffels  ; which  could  not  be 
the  cafe  if  the  air  it  contained  was  in  its  ftate 
of  full  elaflicity.  The  air  contained  therefore 
in  water,  is  not  fimply  mixed  therewith,  but  is 
united  in  a ftate  where  its  fpring  is  not  fenfibly 
cxercifed ; yet  the  fpring  is  not  entirely  deftroy- 
ed,  for  if  we  expofe  water  to  congelation,  the 
air  iftlies  from  its  internal  part,  and  unites  on 
its  furface  in  elaftic  bubbles.  This  alone  fuf- 
fices  to  prove,  that  air  is  not  contained  in  water 
under  its  common  form,  fince  being  fpecifically 
850  times  lighter,  it  would  be  forced  to  ilTue 
out  by  the  foie  neceftity  of  the  preponderance 
of  water  ; neither  under  an  affixed  form,  but 
only  in  a medium  ftate,  from  whence  it  can 
eafily  re-take  its  fpring,  and  feparate  more 
eafily  than  from  every  other  matter. 

It  may  be  objedled  that  cold  and  heat  never 
operate  in  the  fame  mode,  and  that  if  one  of 
thefe  caufes  gives  to  air  its  elafticity,  the  other 
muftdeftroy  it,  and  I own  that  in  general  it  is 
fo,  but  in  this  particular  they  produce  the  fame 
effetft.  It  is  well  known  that  water,  frozen  or 
boiled,  retakes  the  air  it  had  loft  as  foon  as  it  is 
liquified  or  cooled.  The  degree  of  affinity  of 
air  with  water  depends,  therefore,  on  its  tem- 
perature, which  in  its  liquid  ftate,  is  nearly  the 
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fame  as  that  of  the  general  heat  to  the  furfacc 
©f  the  earth  : the  air  with  which  it  has  much 
affinity  penetrates  it  as  foon  as  it  is  divided  into 
fmall  parts,  yet  the  degree  of  elementary  and 
general  heat,  weakens  their  fpring  foas  to  ren- 
der them  inefFedlual  as  long  as  the  water  pre- 
ferves  this  temperature  ; but  if  the  cold  pene- 
trates, or  this  degree  of  heat  diminifhes,  then  its 
fpring  will  be  re-eftablifhed  by  the  cold,  and 
the  cladic  bubbles  will  rife  to  the  furface  of  the 
water  ready  to  freeze  ; if,  on  the  contrary,  the 
temperature  of  the  water  is  increafed  by  an  ex- 
ternal heat,  the  integrant  parts  become  too 
much  divided,  they  are  rendered  volatile,  and 
the  air  with  which  they  are  united,  rifes  and 
efcapes  with  them.  Water  and  air  have  much 
greater  connedtions  between  them  than  oppofite 
properties,  and  as  I am  well  perfuaded,  that  all 
matter  is  convertible,  and  that  the  elements  may 
be  transformed,  1 am  inclined  to  believe,  that 
water  can  change  into  air  when  Efficiently  ra- 
refied to  raife  up  in  vapours,  for  the  fpring  of 
the  vapour  of  the  water  is  even  more  powerful 
than  the  fpring  of  the  air. 

Experience  has  taught  me  that  the  vapours 
of  water  can  increafe  the  fire  in  the  fame 
manner  as  common  air;  and  this  air,  which 
we  fhould  regard  as  pure,  is  always  mixed 
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with  a very  great  quantity  of  water  : but  it 
muft  be  remarked,  that  the  proportions  of  the 
mixtures  is  not  nearly  the  fame  in  thefe  two 
elements.  It  may  be  faid  in  general  that  there 
is  much  lefs  air  in  water  than  water  in  air. 
In  confidering  this  proportion  we  ^muft  refer 
to  the  volume  and  mafs.  If  we  eftimate  the 
quantity  of  air  contained  in  water  by  the  vo- 
lume it  will  appear  nil,  fince  the  volume  is  not 
in  the  leaft  increafed.  Thus  it  is  not  to  the 
volume  that  we  muft  relate  this  proportion,  it 
is  alone  to  the  mafs,  that  is,  to  the  real  quan- 
tity of  matter  in  one  and  the  other  of  thefe 
two  elements  that  we  muft  compare  that  of 
their  mixture,  by  which  we  ftiall  perceive  that 
the  air  is  much  more  aqueous  than  the  water  is 
arial,  perhaps  in  proportion  of  the  mafs,  that 
is,  eight  hundred  and  fifty  times.  Be  this 
eftimation  either  too  ftrong  or  too  weak  we 
can  derive  this  induftion  from  it,  that  water 
muft  change  more  eafily  into  air  than  air  can 
transform  into  water.  The  parts  of  air,  al- 
though fnfceptible  of  being  extremely  divided, 
appear  larger  than  thofe  of  water,  fince  the 
latter  paftes  through  many  fibres  which  air 
cannot  penetrate  ; fince  the  vapours  of  water 
are  only  raifed  to  a certain  height  in  the  air  \ 
and,  in  fhort,  fince  air  feeras  to  imbibe  water 
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like  a fponge,  to  contain  it  in  a large  quantity, 
and  that  the  container  is  certainly  greater  than 
the  contained. 

In  the  order  of  the  converfion  of  the  ele- 
ments it  appears,  that  water  is  to  air  what  air 
is  to  fire,  and  that  all  the  transformations  of 
nature  depend  on  them.  Air,  like  the  food  of 
fire,  aflimilates  with  it,  and  is  transformed  into 
this  fird  clement.  Water,  rarefied  by  heat, 
is  transformed  into  a kind  of  air  capable  of 
feeding  the  fire  like  common  air.  Thus  fire 
has  a double  fund  of  certain  fubfiftence,  if  it 
confumes  much  air  it  can  alfo  produce  much 
by  the  rarcfa£lion  of  water,  and  thus  repair,  in 
the  mafs  of  atmofphere,  all  the  quantity  it  de- 
ftroyed,  while  ulteriorly  it  converts  itfelf  with 
air  into  fixed  matter  in  the  terreftrial  fiibftances 
which  it  penetrates  by  its  heat  or  by  its  light. 
And  fo,  likewife,  as  from  one  part  water  is 
converted  into  air,  or  into  vapours,  as  volatile 
as  air,  by  its  rarcfaclion,  it  is  converted  into 
a folid  fubftance  by  a kind  of  condenfation. 
Every  fluid  is  rarefied  by  heat  and  condenfed  by 
cold.  Water  follows  this  common  law,  and 
condenfes  in  proportion  as  it  grows  colder.  Let 
a glafs  tube  be  filled  three  parts  full  and  it  will 
defeend  in  proportion  as  the  cold  increafes,  but 
fomc  time  before  congelation  it  will  afeend 
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above  the  point  of  three  fourths  of  the  height  of 
the  tube,  and  increafe  (till  more  confiderably 
by  being  frozen.  But  if  the  tube  is  well  ftop- 
ped,  and  perfeftly  at  reft,  the  water  will  con- 
tinue to  lower,  and  will  not  freeze,  although 
the  degree  of  cold  is  fix,  eight,  or  ten  degrees 
below  the  freezing  point  ; congelation,  there- 
fore, prefents,  in  an  inverted  manner,  the  fame 
phenomena  as  inflammation.  An  heat,  how- 
ever great,  ftuit  up  in  a well-clofed  veflel,  will 
not  produce  inflammation  unlefs  touched  with 
an  inflamed  matter ; fo,likewife,  to  whatfoever 
degree  a fluid  is  cooled,  it  will  not  freeze  un- 
lefs it  touches  fomething  already  frozen.  The 
particles  of  water,  which  are  frozen  in  the  ex- 
ternal air,  or  in  the  air  contained  in  the  tube, 
when  it  is  ftiaken  or  unftopped,  ftrikes  the  fur- 
face  of  the  water,  and  communicates  their  ice  to 
it.  In  inflammation  the  air,  at  firft  very  much 
rarefied  by  heat,  lofes  its  volume,  and  fixes  it- 
felf  fuddenly.  In  congelation,  water,  at  firft 
condenfed  by  the  cold,  takes  a larger  volume, 
and  fixes  itfelf  likewife,  for  ice  is  a folid  fub- 
ftance,  lighter  than  water,  and  would  preferve 
its  folidity  if  the  cold  continued  the  fame  ; and 
I am  inclined  to  believe  that  Ave  Ihould  attain 
the  point  of  fixing  mercury  at  a lefs  degree, 
by  fublimating  it  into  vapours  in  a very  cold 
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air  ; and  alfo  that  water,  which  only  owes  its 
liquidity  to  heat,  would  become  a fubftance 
much  more  folid  and  fufible,  as  it  would  en- 
dure a ftronger  and  a longer  time  the  rigour  of 
the  cold. 

But  without  flopping  on  this  idea,  that  is, 
without  admitting  or  excluding  the  poflibility  of 
the  converfion  of  the  ice  into  infufible  mat- 
ter, or  fixed  and  folid  earth,  let  us  pafs  on  to 
more  extenfive  views  on  the  modes  Nature 
makes  ufe  of  for  the  transformation  of  water. 
The  mofl:  powerful  and  mod  evident  is  the 
animal  filter.  The  body  of  fliell-animals,  by 
feeding  on  the  particles  of  water,  labours,  at 
the  fame  time,  on  the  fubflance  to  the  point 
of  unnaturalizing  it.  The  fliell  is  certainly  a 
terrcfirial  fubflance,  a true  flonc,  from  which 
all  the  flones  called  calcareousy  and  many  other 
matters,  derive  their  origin.  This  fhcll  ap- 
pears to  make  the  conflitutive  part  of  the  ani- 
mal it  covers,  fince  it  is  perpetuated  by  gene- 
ration, for  it  is  on  the  fmall  fliell-animal  jufl 
come  into  exiflcnce  as  well  as  on  thofe  which 
have  arrived  at  their  full  growth  ; tut  this  is 
no  Icfs  a terreflrial  fubflance,  formed  by  the 
feerction  or  extidation  of  the  body,  for  it  in- 
creafes  and  thickens  by  rings  and  layers  in  pro- 
portion as  the  animal  grows  ; and  this  flony 
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matter  often  exceeds  fifty  or  fixty  times  the 
mafs  of  the  body  which  produces  it. . Let  us, 
for  a moment,  refleft  on  the  number  of  the 
kinds  of  fhell-animals,  or  rather  of  thofe  ani- 
mals with  a ftony  tranfudation  ; they,  poflibly, 
are  more  numerous  in  the  fea  than  tlie  infeft 
kind  are  upon  earth.  Let  us  afterwards  re- 
prefent  their  full  growth,  their  prodigious  mul- 
tiplication,and  thefhortnefsof  their  lives,  which 
we  may  fuppofe  does  not  exceed  ten  years  ; let 
us  afterwards  confider  that  we  muft  midtiply 
by  fifty  or  fixty  the  almofl:  immenfe  number 
of  the  individuals  of  this  clafs  to  form  an  idea 
of  all  the  ftony  matter  produced  in  ten  years  ; 
then  that  this  block  muft  be  augmented  with 
as  many  fimilar  blocks  as  there  are  as  many 
times  ten  in  all  the  ages  from  the  beginning  of 
the  world,  and  we  fhall  familiarize  ourfclves 
by  this  idea,  that  all^ur  coral,  rocks  of  calca- 
reous {tone,  marble,  chalk,  &c.  originally  pro- 
ceeded alone  from  the  caft-ofF  coats  of  thofe 
little  animals. 

Salts,  bitumen,  oil,  and  thegreafe  of  the  fea, 
enter  little  or  none  into  the  compofition  of 
the  fhell ; neither  does  the  calcareous  ftone 
contain  any  of  thofe  matters  ; this  fione  is, 
therefore,  only  water  transformed,  joined  to 
Come  little  portion  of  Vitrifiable  earth,  and  a 
N 2 great 


euffon’s 


92 

great  quantity  of  fixed  air,  which  may  be  difen- 
gaged  therefrom  by  calcination  ; which  opera- 
tion produces  the  fame  efFedls  on  the  fhells 
taken  in  the  fea  as  upon  thofe  drawn  out  of 
quarries  ; they  both  form  lime,  with  only  a 
little  difference  in  their  qtiality.  Lime,  made 
with  oyfter  or  other  fhells,  is  weaker  than  that 
made  with  hard  (tone  ; but  the  procefs  of  Na- 
ture is  the  fame,  as  are  the  refults  of  its  opera- 
tion. Shells  and  ftones,  alike  nearly  lofe  half 
their  weight  by  the  adion  of  fire  in  calcination  ; 
the  water  ilfues  firfl,  after  which  the  fixed  air 
is  difengaged,  and  then  the 'fixed  water,  of 
which  thefe  ftony  fubftances  arecompofed,  re- 
takes its  firfl  nature,  is  elevated  into  vapours, 
drove  off  and  rarefied  by  the  fire,  fo  that  there 
remains  only  the  mofl  fixed  parts  of  this  air 
and  water,  which,  perhaps,  are  fo  flrongly 
united  in  themfelves,  and  to  the  fmall  quantity 
of  the  fixed  earth  of  the  flone,  that  the  fire 
cannot  feparate  them  ; the  mafs,  therefore,  is 
reduced  nearly  an  half,  and  would  probably  be 
llill  more  if  fubmitted  to  a flronger  fire.  And 
what  appears  to  prove  that  this  matter,  driven 
out  of  the  flone  by  the  fire,  is  nothing  elfe  than 
air  and  water,  is  the  avidity  with  which  cal- 
cined flone  fucks  up  the  water  given  to  it,  and 
the  force  with  which  it  draws  water  from  the 
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atmofphere.  Lime,  by  expofure  either  in  air 
or  water,  in  a great  meafure  regains  the  mafs 
it  had  loft  by  calcination  ; the  water,  with  the 
air  it  contains,  replaces  that  which  the  ftone 
contained  before.  Stone  then  retakes  its  firft 
nature,  for  in  mixing  lime  with  the  remains  of 
other  ftones,  a mortar  is  made  which  hardens, 
and  becomes  a folid  fubftance,  like  thofe  from 
which  it  is  compofed. 

Thus,  then,  we  fee  on  the  one  hand  all  the 
calcareous  matters,  the  origin  of  which  we 
muft  refer  to  animals ; and  on  the  other,  all  the 
combuftible  matters  proceeding  from  animal 
or  vegetable  fubftances ; they  together  occupy 
a great  fpace  on  the  earth  ; yet,  however  great 
their  number  may  be,  they  only  form  a fmall 
part  of  the  terreftrial  globe,  the  principal 
foundation  of  which,  and  the  greateft  quan- 
tity confifts  in  one  matter  of  the  nature  of 
glafs a matter  we  muft  look  upon  as  ter- 
reftrial element,  to  the  exclufion  of  all  other 
fubftances,  to  which  it  ferves  as  a bafe,  like 
earth,  when  it  forms  vegetables  by  the  means, 
or  remains  of  animals,  and  by  the  transforma- 
tion of  the  other  elements;  and  it  is  alfo  the 
ulterior  term  to  which  we  can  return  or  reduce 
them  all. 
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It  appears  that  the  animal  filter  converts 
ivater  into  fione  ; the  vegetable  filter  can  alfo 
transform  it,  when  all  the  circumftances  arc 
found  to  be  the  fame.  The  heat  of  vegetables 
and  the  organs  of  life  being  Icfs  powerful  than 
ihofe  of  fhell  animals,  the  vegetable  cannot 
produce  but  a fmall  quantity  of  ftones,  which 
are  frequently  found  in  its  fruits  ; but  it  can  and 
does  convert  a great  quantity  of  air,  and  a fiill 
greater  of  water  into  its  fubfiance.  I'hc  fixed 
earth  it  appropriates,  and  which  ferves  as  a bafe 
tothefetwo  elements,  docs  not  make  the  hun- 
dredth part  of  its  mafs  ; hence,  the  vegetable 
is  aimed  entirely  compofed  of  air  and  water, 
transformed  into  wood,  or  a folid  fubfiance, 
Avhich  is  afterwards  reduced  into  earth  by  com- 
buftion  and  putrefadion.  The  fame  may  be 
laid  of  animals  ; they  not  only  fix  and  trans- 
form air  and  water,  but  fire,  and  in  a much 
greater  quantity  than  vegetables.  It  appears, 
tltcrcfore,  that  the  functions  of  organized 
bodies  are  the  mod  powerful  means  made  ufe 
of  by  Nature  for  the  converfion  of  the  ele- 
ments. We  may  look  on  each  animal,  or  ve- 
getable, as  a fmall  particular  centre  of  heat 
or  fire  that  appropriates  to  itfelf  the  air  and 
water  which  furround  it,  adimilates  them  to 
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vegetate  or  noiirifh,  and  live  on  the  produc- 
tions of  the  earth,  which  are  themfelves  only 
air  and  water  precedently  fixed.  It  alfo  ap- 
propriates to  itfelf  a fmall  quantity  of  earth, 
and  receiving  the  imprefiions  of  light,  the  heat 
of  the  fun  and  terreftrial  globe,  it  converts  into 
itsfubflance  all  thefe  different  elements  ; works, 
combines,  unites,  and  oppofes  them,  till  they 
have  undergone  the  necelfary  form  towards  its 
fupport  of  life,  and  the  growth  of  organization, 
the  mold  of  which  once  given,  models  every 
matter  it  admits,  and  from  inanimate  renders 
it  organized. 

Water,  which  fo  readily  unites,  and  enters 
with  air  into  organized  bodies,  unites  alfo  with 
fome  folid  matters,  fuch  as  falts ; and  it  is  often 
by  their  means  that  it  enters  into  the  com- 
pofition  of  minerals.  Salt  at  firft  appears  to 
be  only  an  earth  foluble  in  water,  and  of  a 
(harp  favour,  but  chemifts  have  perfeiSfly  difeo- 
vered,  that  it  principally  confifts  in  the  union 
of  what  they  term  the  earthy  and  the 
principle.  The  experiment  of  the  nitrous  acid, 
which  after  corabuflion  only  leaves  a fmall 
quantity  of  earth  and  water,  has  caufed  them 
to  think,  that  fait  was  compofed  only  of  thefe 
two  elements  •,  yet  I think  it  is  eafily  to  be 
deinonftrated,  that  air  and  fire  alfo  enter  their 

cpnipofition  : 


buffon’s 


q6 

compofition  ; fince  nitre  produces  a great  quan- 
tity of  air  in  combuftion,  and  this  fixed  air 
fuppofes  fixed  fire  which  difengages  at  the 
fame  time  : l>efides  all  the  explanations  given 
of  the  dilfolution  cannot  be  fupported,  and  it 
Avould  be  againfi;  all  analogy,  that  fait  fhould 
be  compofed  only  of  thefe  two  elements,  while 
all  other  fubftances  are  compofed  of  four. 
The  experiments  of  Mr.  Hales  demonftrate, 
that  vitriol  and  marine  fait  contain  much  fixed 
air  ; that  nitre  contains  Hill  much  more,  even 
to  the  eiglith  of  its  weight  ; and  that  fait  of 
tartar  contaius  Hill  more  than  thofe.  But  this 
does  not  fupport  the  idea  that  fait  is  the  mediate 
fubftance  between  earth  and  water  ; thefe  two 
elements  enter  in  different  proportions  into 
the  different  falts,  or  faline  fubflances,  whofe 
variety  and  number  arc  fo  great,  as  not  to  be 
enumerated ; but  which,  generally  prefented 
under  the  denomination  of  acids  and  alkalis, 
fhews  us,  that  there  is  in  general  more  earth 
than  water  in  the  laft,  and  more  water  than 
earth  in  the  firft. 

Nevcrthelefs,  water,  although  intimately 
mixed  with  falts,  is  neither  fixed  nor  united 
there  by  a fufficient  force  to  transform  into  a 
folid  matter  ; it  renders  it  fait  or  acid  under  its 
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or  the  moft  deprived  of  %vater,  which  might  be 
looked  upon  as  liquid  earth,  only  owes  its  liqui- 
dity to  the  quantity  of  the  air  and  fire  it  con- 
tains ; and  it  is  no  lefs  certain,  that  they  are  in- 
debted for  their  favour  to  the  fame  principles. 
An  experiment,  which  I have  frequently  tried, 
has  fully  convinced  me,  that  alkali, is  produced 
by  fire.  Lime  made  accordiug  to  the  common 
mode,  and  put  upon  the  tongue,  even  before 
flacked  by  air  or  water,  has  a favour  which 
indicates  the  prefence  of  a certain  quantity  of 
alkali.  If  the  fire  is  continued,  this  lime  by 
longer  calcination,  becomes  more  poignant  ; 
and  that  drawn  from  furnaces,  where  the  cal- 
cination has  fubfifted  for  five  or  fix  months  to- 
gether, is  ftill  more  fo.  Now  this  fait  could 
not  be  contained  in  the  ftone  before  its  calci- 
nation, fince  it  augmented  in  proportion  to  the 
ftrength  and  continuance  of  the  fire ; but  it  is 
evident,  the  fire  is  the  immediate  produdl  of 
the  fire  and  air,  which  incorporate  in  the  fub- 
ftance  during  its  calcination,  and  which  by  this 
means,  are  become  fixed  parts* thereof,  and 
from  which  they  have  driven  moft  of  the  watry 
molecules  it  before  contained.  This  alone  ap- 
peared to  me  fuflicient  to 'pronounce  that  fire 
is  the  principal  of  the  formation  of  the  mineral 
alkali ; and  we  may  conclude,  by  analogy,  that 
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other  alkalis  owe  their  formation  to  the  con- 
rtant  heat  of  the  animal  and  vegetable  from 
which  they  are  drawn. 

With  refpecl  to  acids,  although  the  demon- 
ftration  of  their  formation  by  fire  and  fixed  air, 
is  not  fo  immediate,  it  does  not  appear  lefs 
certain.  We  have  proved,  that  nitre  and  phof- 
phorus  draw  their  origin  from  vegetable  and 
animal  matters  ; and  that  vitriol  comes  from 
pyrites,  fulphur  and  other  combuflibles.  It  is 
likewife  certain  that  acids,  whether  vitriolic, 
nitrous,  or  phofphorical,  always  contain  a cer- 
tain quantity  of  alkali;  we  muft,  therefore, 
refer  their  formation  and  favour  to  the  fame 
principle,  and  by  reducing  the  varieties  of  both 
to  one  of  each,  bring  back  all  falts  to  one  com- 
mon origin  : thofe  which  contain  mofl;  of  the 
a£live  principles  of  air  and  fire,  will  necefia- 
rily  have  the  moft  power  and  tafle.  I under- 
fland  by  power  the  force  with  which  falts  ap- 
pear animated  to  difTolve  other  fubftances. 
DifTolution  fuppofes  fluidity,  and  as  it  never 
operates  between  two  dry  or  folid  matters;  it 
alfo  fuppofes  the  principle  of  fluidity  in  the  dif- 
fol  vent,  that  is,  fire ; the  power  of  the  diflblvent 
will  be,  therefore,  fo  much  the  greater,  as  on 
one  part  it  contains  more  of  this  a£live  prin- 
ciple; and,  on  the  other  hand,  its  aqueous  and 
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terrene  parts  will  have  more  affinity  with  thofe 
of  the  fame  kind  contained  in  the  fubftances 
to  diflblve  ; and,  as  the  degrees  of  affinity  vary, 
we  mufi;  not  be  furprized  at  different  falts  va- 
rying in  their  adlion  on  different  fubftances ; 
their  acftive  principle  is  the  fame,  their  diffolv- 
ing  power  the  fame  ; but  they  remain  without 
exercife  when  the  fubftance  prefented  repels 
that  of  the  diffolvent,  or  has  no  degree  of 
affinity  with  it  ; but  the  contrary  is  the  cafe 
when  there  is  fufficient  force  of  affinity  to  con- 
quer that  of  the  coherence  ; that  is,  when  the 
aflive  principles,  contained  in  the  diffolvent, 
under  the  form  of  air  and  fire,  is  found  more 
powerfully  attradfed  by  the  fubftance  to  be 
diffolved,  than  they  are  by  the  earth  and 
water  they  contain.  Newton  is  the  firft  who 
has  given  affinities  for  the  caufes  of  chemical 
precipitation  ; Stahl  adopted  and  tranfmitted 
this  idea ; and  it  appears  to  be  at  prefent 
univerfally  received  as  a truth.  But  neither 
Newton  nor  Stahl  faw  that  all  thefe  affini- 
ties, fo  different  in  appearance,  are  only  parti- 
cular effedls  of  the  general  force  of  univcrfal 
attradlion : and,  in  defedl  of  this  view,'  their 
theory  cannot  be  complete,  becaufe  they  were 
obliged  to  fuppofe  as  many  trivial  laws  of  dif- 
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ferent  affinities,  as  there  were  different  pheno- 
mena. 

Salts  concur  in  many  operations  of  Nature 
by  the  power  they  have  of  diffolving  other  fub- 
ffances ; for,  altho’  it  is  commonly  faid,  that 
water  diffolves  fait,  it  is  eafy  to  be  perceived, 
that  in  reality,  when  there  is  a diffolution,  both 
are  a£live,  and  may  be  alike  called  dijjohients. 
Regarding  fait  as  only  a diffolvent,  the  body  to 
be  dilfolved  may  be  either  liquid  or  folid  ; and, 
provided  the  parts  of  the  fait  be  fufficiently  di- 
vided to  touch  immediately  thofe  of  the  other 
fubflanccs,  they  will  aft  and  produce  all  the  ef- 
feft-sof  diffolution.  By  this  we  fee  how  much 
the  aftion  of  falts,  and  the  aftion  of  the  clement 
of  water  which  contains  them,  muR  have  in- 
fluence on  the  compofition  of  mineral  matters. 
Nature  may  produce  by  this  mode,  all  that  our 
arts  produce  by  that  of  fire.  Time  only  is  re- 
quired for  falts  and  water  to  operate  on  the  moR 
compaft  and  hard  fubRances,  fo  as  to  render 
them  capable  of  uniting  with  all  analogous  fub- 
Rances,  and  to  feparate  from  all  others  ; but 
this  time,  which  to  Nature  is  never  wanting,  is, 
of  all  things,  that  which  is  the  moR  deficient 
to  us  : the  greateR  of  all  our  arts,  therefore,  is 
that  of  abridging  time,  that  is,  to  effeft  that  in 
one  day,  what  Nature  takes  an  age  to  perform. 
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However  vain  this  pretenfion  may  appear,  wc 
miift  not  entirely  renounce  it,  for  has  not  man 
difcovered  the  mode  of  creating  fire,  of  apply- 
ing it  to  his  ufe,  and  by  the  means  of  this  ele- 
ment to  fiiddenly  difiTolve  thofe  bodies  by  fufion 
which  would  take  up  a confiderable  period  by 
any  other  means? 

We  muft  not,  however,  conclude  that  Na- 
ture really  performs  by  the  means  of  water  all 
that  w'e  do  by  fire.  The  decompofition  of 
every  fubftance  is  only  to  be  made  by  divifion, 
and  the  greater  this  divifion  the  more  the  de- 
compofition tvill  be  complete.  Fire  feems  to 
divide  as  much  as  poffible  thofe  matters  it  puts 
in  fufion  ^ neverthelcfs  it  may  be  doubled 
whether  th6fe  which  water  and  acids  keep  in 
difiblution  are  not  ftill  more  divided,  and  the 
vapours  raifed  by  heat  contain,  matters  ftill  fur- 
ther attenuated.  In  the  bowels  of  the  earth, 
then,  by  the  means  of  the  heat  it  includes,  and 
the  w'ater  which  infinuates,  there  is  made  an 
infinity  of  fublimations,  diftillation-s,  chryftali- 
zations,  aggregations,  and  disjundlions,  of  every 
kind.  By  time  all  fubftances  may  be  com- 
pounded and  decompounded  by  thefe  means  ; 
water  may  divide  and  attenuate  the  parts  more 
than  fire  when  it  melts  them,  and  thofe  atte- 
nuated parts  will  join  in  the  fame  manner  as 
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thofe  of  fufecl  metal  unite  by  cooling.  Chryrta- 
li'^ation,  of  which  the  falls  have  given  us  an 
idea,  is  never  performed  but  when  a fubftance, 
being  difengaged  from  every  other,  is  much 
divided  and  fullaincd  by  a fluid,  which  having 
little  or  no  affinity  with  it,  permits  it  to  unite 
and  form,  by  virtue  of  its  force  of  attra£lion, 
mafl'es  of  a figure  nearly  fimilar  to  its  primitive 
parts.  This  operation,  which  fuppofes  all  the 
above  circumltanccs,  may  be  done  by  the  in- 
termediate aid  of  fire  as  well  as  by  that  of 
water,  and  is  often  accompliflicd  by  the  con- 
currence of  both,  becaufe  all  this  exafts  but 
\ 

one  divifion  of  matter  Efficiently  great  for  its 
primitive  parts  to  be  able  to  form,  by  uniting 
figured  bodies  like  themfelves.  Now  fire  can 
bring  many  fubflances  to  this  flate  much  better 
than  any  other  diflTolvent,  as  obfervation  de- 
monflrates  to  tis  in  afbeftos,  and  other  produc- 
tions of  fire,  whofe  figures  are  regular,  and 
which  muft  be  looked  upon  as  true  chryftali- 
zations.  Yet  this  degree  of  divifion,  neceflfary 
to  chryftalization,  is  not  the  greateft  poffible, 
fince  in  this  ftate  the  fmall  parts  of  matter 
are  ftill  Efficiently  large  to  confliuite  a mafs, 
w'hich,  like  other  inaflTcs,  is  only  obedient  to 
the  foie  attraftive  force,  and  the  volumes  of 
which,  only  twiiching  in  points,  cannot  acquire 
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the  refultive  force  that  a much  greater  divifion 
might  perform  by  a more  immediate  contadl, 
and  this  is  what  we  fee  happen  in  effervefcences, 
where  at  once  heat  and  light  are  produced  by 
the  mixture  of  two  cold  liquors. 

Light,  heat,  fire,  air,  water,  and  falts,  are 
fteps  by  which  we  defcend  from  the  top  of 
Nature’s  ladder  to  its  bafe,  which  is  fixed 
earth.  And  thefe  are  the  only  principles  that 
we  mufi:  admit  and  combine  for  the  explanation 
of  all  phenomena.  Thefe  principles  are  real, 
independent  of  all  hypothefes  and  all  method, 
as  are  alfo  their  converfion  and  transformation. 

It  is  the  fame  with  the  element  of  earth,  it  can 
convert  itfelf  by  volatilizing  and  taking  the 
form  of  the  other  elements,  as  thofe  take  that 
of  earth  in  fixing  ; it,  therefore,  appears  quite 
ufelefs  to  feek  for  a fubftance  of  pure  earth  in 
terreftrial  matters.  The  tranfparent  luftre  of 
the  diamond  dimmed  the  fight  of  our  chemifts, 
when  they  confidered  that  ftone  as  a pure  ele- 
mentary fire  ; they  might  have  faid,  with  as 
much  foundation,  that  it  is  pure  water,  all  the 
parts  of  which  are  fixed  to  compofe  a folid 
diaphanous  fubftanCe.  When  we  would  de- 
fine Nature  the  large  mafies  fhould  alone  be 
confidered,  and  thofe  elements  have  been  well 
taken  notice  of  by  even  the  mofl  ancient  philo- 
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fophers.  The  fen,  atmofphere,  earth,  fca,  5cc. 
are  all  great  maffcs  on  which  they  eRablinied  all 
their  conchifions  ; and  if  there  ever  had  exifled 
a planet  of  phlogifion,  an  atmofphere  of  alkali, 
an  ocean  of  acid,  or  a mountain  of  diamonds, 
fiich  might  have  been  looked  upon  as  the  ge- 
neral and  real  principles  of  all  bodies,  but  they 
are  only  particular  fubffances,  produced,  like 
all  the  reft,  by  the  combinations  of  true  ele- 
ments ; and  ideas  to  the  contrary  w'ould  never 
have  been  ftarted  but  upon  the  fuppofition  that 
the  earth  was  neither  more  fimplc  nor  lefs  con- 
vertible than -either  of  the  other  elements. 

In  the  great  mafs  of  folid  matter,  which  the 
earth  reprefents,  the  fuperficial  is  the  leaft  pure. 
All  matters  depofited  by  the  fca,  in  form  of  fe- 
diment,  all  ftones  produced  by  ftiell-animals, 
all  fubftances  compofed  by  the  combinations  of 
the  V.  afte  of  the  animal  or  vegetable  kingdom, 
and  all  thofe  which  have  been  changed  by  vol- 
canean  fires,  or  fubllmated  by  the  internal  heat 
of  the  globe,  are  mixed  and  transformed  fub- 
ftances ; and  altho’  they  compofe  great  maftes 
they  do  not  clearly  reprefent  the  element  of 
earth.  They  are  vitrifiable  matters,  v/hofe 
mafs  is  one  hundred  thot]fand  times  more  confi- 
derable  than  vitreous  fubftances,  which  fhould 
be  regarded  as  the  true  bafts  of  this  element. 

It 
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It  Is  from  this  common  foundation  all  other 
fubftances  have  derived  the  origin  of  their  foli- 
dity,  for  all  fixed  matter,  ever  fo  much  decom- 
pofed,  reduces  ulteriorly  into  glafs  by  the  foie 
a6tion  of  fire  : it  retakes  its  firft  nature,  when 
difengaged  from  the  fluid,  or  volatile  matters, 
which  were  united  with  it  ; and  this  glafs,  or 
vitreous  matter,  which  compofes  the  mafs  of 
our  globe,  fo  much  the  better  reprefents  the 
element  of  earth,  as  it  has  neither  colour, 
odour,  tafte,  liquidity,  nor  fluidity,  qualities 
which  all  proceed  from  the  other  elements,  or 
belong  to  them. 

If  glafs  is  not  precifely  the  element  of  earth, 
it  is  at  leafl;  the  moft  ancient  fubflance  thereof ; 
metals  are  more  recent,  and  moft  other  minerals 
form  within  our  fight.  This  Nature  produces 
only  in  the  particular  focus  of  its  volcanos, 
whereas  every  day  fhe  forms  other  fubftances 
by  the  combination  of  glafs  with  the  other 
elements.  If  we  would  form  to  ourfelves  a 
juft  idea  of  her  formation  of  the  globe,  we 
muft  firft  confider  her  proceflTes,  which  demon- 
ftrate  that  it  has  been  melted  or  liquified  by 
fire  ; that  from  this  immenfe  heat  it  fuccef- 
fively  pafled  to  its  actual  degree  ; that  in  the 
firft  moments,  where  its  furface  begins  to  take 
confiftence,  inequalities  muft  be  formed,  fuch 
VOL.X.  P 


as 


‘ 106 


eufkon’s 


as  we  fee  on  the  furface  of  melted  matters 
grown  cold  : that  the  higheft  mountains,  all 
compofed  of  vitrifiable  matters,  which  exift, 
take  their  date  from  this  moment,  which  isalfo 
that  of  the  great  malTcs  of  air,  water,  and  earth ; 
that  afterwards,  during  the  long  fpace  of  time 
which  the  diminution  of  the  heat  of  the  globe 
to  the  point  of  a£lual  temperature  fuppofes, 
there  was  made  in  thefe  mountains,  which 
were  the  parts  mod:  expofed  to  the  adlion 
of  external  caufes,  an  infinity  of  fufions,  fubli- 
inations,  aggregations,  and  transformations, 
by  the  fire  of  ihc  fun,  and  all  the  other  caufes 
which  this  great  heat  rendered  more  adive 
than  they  at  prefent  are,  and  that,confequcntly, 
we  mufl;  refer  back  to  this  date  the  formation 
of  metals  and  minerals  which  we  find  in  great 
ir.affes,  and  in  thick  and  continued  veins.  The 
violent  fire  of  inflamed  earth,  after  having 
raifed  up  and  reduced  into  vapours  all  what 
was  volatile,  after  having  driven  off  from  its 
internal  parts  the  matters  which  compofe  the 
atmolphere  and  fea,  and  at  the  fame  time  fub- 
limatcd  all  the  Icafl  fixed  parts  of  the  earth, 
raifed  them  up,  and  depofitcd  them  in  every 
void  fpace,  in  all  the  cavities  which  formed  on  • 
the  furface  in  proportion  as  it  cooled  , this, 
then,  is  the  origin  and  the  gradation  of  the 

filuation 
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fituation  and  formation  of  vitrifiable  matters 
which  fire  has  divided,  formed,  and  fublimated. 

After  this  firft  eftabliihment  ;and  which  ftiil 
fubfifts)  of  vitrifiable  matters  and  minerals 
into  a great  inafs,  which  can  be  attributed  to 
the  a£iion  of  fire  alone,  water,  which  till  then 
formed  with  air  only  a vaft  volume  of  vapours, 
began  to  take  its  a6lual  ftate  ; it  colledted  and 
covered  the  greatefl  part  of  the  furface  of  the 
earth,  on  which,  finding  itfelf  agitated  by  a 
continual  flux  and  reflux,  by  the  adlion  of  winds 
and  heat,  it  began  to  a£l  on  the  works  of  fire  : 
it  changed,  by  degrees,  the  fuperficies  of  vitri- 
fiable matters ; it  tranfported  the  wrecks  and 
depofited  them  in  form  of  fedimenis  ; it  nou- 
riflied  fliell-animals,  it  colle£led  their  fliells, 
produced  calcareous  ftunes,  formed  hills  and 
mountains,  which  afterwards  drying  received 
in  their  cavities  all  the  mineral  matters  they 
could  diflblve  or  contain. 

To  eftablifli  a general  theory  on  the  for- 
mation of  Minerals,  we  mufl:  then  begin  by 
diftinguilhing  firft,  thofe  which  have  been  pro- 
duced by  the  primitive  fire  of  the  earth  v/hile 
it  was  burning  with  heat  ; fecondly,  thofe 
which  have  been  formed  from  the  wafte  of  the 
firft  by  the  means  of  water;  and  thirdly,  thofe 
which  in  volcanos,  or  other  conflagrations  pof- 
/ P 2 teller 
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terior  to  the  primitive  fire,  have  a fecond  time 
undergone  the  proof  of  a violent  heat.  Thefe 
three  objeifls  are  very  diftindl,  and  comprehend 
all  the  mineral  kingdom  ; by  not  lofing  fight 
of  them,  and  by  connedling  each  fubllance, 
w'e  can  fcarcely  be  deceived  in  its  origin,  or 
even  in  the  degrees  of  its  formation.  All  mi- 
nerals which  are  found  in  mad'es,  or  large  veins, 
in  our  high  mountains,  mull  be  referred  to  the 
fublimation  of  primitive  fire  ; all  thofe  which 
are  found  in  fmall  ramifications,  in  threads 
or  in  vegetations,  have  been  formed  only  from 
the  wafie  of  the  firfi,  hurried  away  by  the 
flillation  of  waters.  We  are  evidently  con- 
vinced by  comparing  the  matter  of  the  iron 
mines  of  Sweden  witli  that  of  our  own.  Thefe 
are  the  immediate  work  of  water,  and  we  fee 
them  formed  before  our  eyes  ; they  are  not  at- 
trafted  by  the  loadftone  ; they  do  not  contain 
any  fulphur,  and  are  found  only  difperfed  in  the 
earth  ; the  reft  are  all  more  or  lefs  fulphureous, 
all  attraded  by  the  loadftone,  which  alone  fup- 
pofes  that  they  have  undergone  the  adion  of 
fire;  they  are  difpofed  in  great,  hard,  and  folid 
maftes:  their  fubftance  is  mixed  with  a quan- 
tity of  afbeftos,  another  index  of  the  adion 
of  fire.  It  is  the  fame  with  other  metals  : 
their  ancient  foundation  comes  from  fire,  and 

all 
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all  their  great  maffes  have  been  united  by  its 
a£lion  ; but  all  their  chryftalizations,  vegeta- 
tions, granulations,  &c.  are  due  to  the  fecon- 
dary  caufes,  or  to  water  in  the  greateft  part. 


EXPERIMENTS  ON  THE  PROGRESS  OF  HEAT 
IN  MINERAL  SUBSTANCES. 


I CAUSED  ten  bullets  to  be  made  of  forg- 
ed and  beaten  iron  ; the  flrft,  of  half-inch  dia- 
meter ; the  fecond,  of  an  inch  ; and  fo  on  pro- 
greffively  to  five  inches  : and  as  all  the  bullets 
were  made  of  iron  of  the  fame  forge,  their 
Aveights  were  found  nearly  proportionable  to 
their  volumes. 

The  bullet  of  half  an  inch  weighed  190 
grains,  Paris  weight  ; that  of  an  inch,  1522 
grains;  that  of  an  inch  and  an  half,  513-6 
grains;  that  of  two  inches,  12173  grains; 
that  of  two  inches  and  an  half,  23781  grains  ; 
that  of  three  inches,  41085  grains ; that  of  three 
inches  and  an  half,  65254  grains  ; that  of 
four  inches,  97388  grains  ; that  of  four  inches 
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and  an  half,  138 179  grains;  and  that  of  five 
inches,  19021 1 grains. 

While  thefe  bullets  were  making,  the  ther- 
mometer expofed  to  tlie  open  air  was  at  the 
freezing  point,  or  feme  degrees  above  ; but  in 
the  pit  where  the  bullets  were  fuffered  to  cool, 
the  thermometer  was  nearly  ten  degrees  below 
that  point;  that  is  to  fay,  to  the  degree  of  tem- 
perature of  the  pits  of  the  obfervatory,  and  it 
is  this' degree  which  I have  here  taken  for  that 
of  the  actual  temperature  of  the  earth.  To 
know  the  exaft  moment  of  their  cooling  to  this 
actual  temperature,  other  bullets  of  the  fame 
matters,  diameters,  and  not  heated,  were  made 
life  of  for  comparifon,  and  which  were  felt  at 
the  fame  time  as  the  others.  By  the  imme- 
diate touch  of  the  hand,  or  two  hands,  on  the 
two  bullets,  we  could  judge  of  the  moment 
when  they  were  equally  cold  ; and  as  the  more 
or  lefs  fmoothnefs  or  roughiYefs  on  bodies  makes 
a great  difference  to  the  touch,  (a  fmooth  body, 
whether  hot  or  cold,  appearing  much  more 
fo  than  a rough  body,  even  of  the  fame  matter, 
although  they  are  both  equally  fo)  I took  care 
that  the  cold  bullets  were  rough,  and  like  thofe 
which  had  been  heated,  vvhofe  furfaccs  were 
fprinkled  over  with  little  eminences  produced 
by  the  fire. 
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EXPERIMENTS. 

I.  The  bullet  of  half  an  inch  was  heated 
white  in  two  minutes,  cooled  foas  to  be  held  in 
the  hand  in  12,  and  to  the  a£lual  temperature 
in  -^9  minutes. 

I I . That  of  an  inch,  heated  white  in  five  mi- 
nutes and  a half,  cooled  fo  as  to  be  held  in  the 
hand,  in  35I  minutes,  and  to  the  a£lual  tempe- 
rature in  one  hour  and  33  minutes. 

III.  That  of  an  inch  and  an  half,  heated 
white  in  nine  minutes,  cooled  fo  as  to  be 
held  in  the  hand  in  58  minutes,  and  to 
the  aftual  temperature  in  two  hours  and  25 
minutes. 

IV.  That  of  two  inches  heated  white  in  13 
minutes,  cooled  fo  as  to  be  held  in  the  hand  in 
one  hour  20  minutes,  and  to  the  adlual  tem- 
perature in  three  hours  16  minutes. 

V.  That  bullet  of  two  inches  and  an  half 
heated  white  in  16  minutes,  cooled  fo  as  to  be- 
held in  the  hand  in  one  hour  42  minutes,  and 
to  the  adlual  temperature  in  four  hours  30 
minutes. 

VI.  That  bullet  of  three  inches  heated  white 
in  19I  minutes,  cooled  fo  as  to  be  held  in  the 
hand  in  two  hours  feven  minutes,  and  to  the 
adlual  temperature  in  five  hours  eight  minutes. 

Vi  I.  That 
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VII.  That  of  three  inches  and  an  half  heated 
white  in  23^  minutes,  cooled  fo  as  to  be  held  in 
the  hand  in  tw'o  hours  36  minutes,  and  to  the 
adual  temperature  in  five  hours  56  minutes. 

VIII.  That  of  four  inches  heated  white  in 
27  minutes  and  an  half,  cooled  fo  as  to  be 
held  in  the  hand  in  three  hours  tw'o  minutes, 
and  to  the  adlual  temperature  in  fix  hours  55 
minutes. 

IX.  That  of  four  inches  and  an  half  heated 
white  in  31  minutes,  cooled  fo  as  to  be  held  in 
the  hand  in  three  hours  and  25  minutes,  and 
to  the  adual  temperature  in  feven  hours  46 
minutes. 

X.  That  of  five  inches  heated  white  in  34 
minutes,  cooled  fo  as  to  be  held  in  the  hand  in 
three  hours  52  minutes,  and  to  the  a£lual  tem- 
perature in  eight  hours  42  minutes. 

The  moft  conftant  difference  that  can  be 
taken  between  each  of  the  terms  which  exprefs 
the  time  of  cooling,  from  the  inftant  the  bullets 
were  drawn  from  the  fire,  to  that  when  we  can 
touch  them  unhurt,  is  found  to  be  about  24 
minutes,  for,  by  fuppofing  each  term  to  in- 
creafe  24,  we  lhall  have  12,  36,  60,  84,  108, 
32,  156, 180, 204, 228  minutes.  And  the  con- 
tinuation of  the  real  times  of  thefe  coolings 
are,  12,  35I,  58,  80,  102, 127,  156,  182,  205, 
232  minutes,  which  approach  the  firft  as 
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nearly  as  experiment  can  approach  calcula- 
tion. 

So,  likewife,  the  moft  conftant  difference  to 
be  found  between  each  of  the  terms  of  cooling 
to  adlual  temperature  is  found  to  be  54  minutes, 
for,  by  fuppofing  each  term  to  increafe  54,  we 
fhall  have  39,  93,  147,  201,  255,  309,  363, 
417,  471,  525  minutes  ; and  the  continuation 
of  the  real  lime  of  this  cooling  is  found,  by  the 
preceding  experiments,  to  be  39, 93, 145, 196, 
248,  308,  356,  415,  466,  522  minutes,  which 
approaches  alfo  neareft  to  the  firft. 

I made  the  like  experiments  upon  the  fame 
bullets  twice  or  thrice,  but  found  I could  only 
rely  on  the  firft,  becaufe  each  time  the  bullets 
were  heated  they  loft  confiderable  part  of  their 
weight,  which  was  occafioned  not  only  by  the 
falling  off  of  the  parts  of  the  furface  reduced 
into  fcoria,  but  alfo  by  a kind  of  drying,  or  in- 
ternal calcination,  which  diminifhes  the  weight 
of  the  conftiluent  parts,  infomuch  that  it  ap- 
pears a ftrong  fire  renders  the  iron  fpecifically 
lighter  each  time  it  is  heated  ; and  I have 
found,  by  ulterior  experiments,  that  this  dimi- 
nution of  weight  varies  much,  according  to 
the  different  quality  of  the  iron.  Experience 
has  alfo  confirmed  me  in  the  opinion,  that  the 
duration  of  heat,  or  the  time  taken  up  in  cool- 
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ing  of  iron,  is  not  in  a fmaller,  as  dated  in  a 
paflage  of  Newton,  but  in  a larger  ratio  than 
that  of  the  diameter. 

Now  if  we  would  enquire  how  long  it  would 
require  for  a globe  as  large  as  the  earth  to  cool, 
■we  Ihould  find,  after  the  preceding  experi- 
ments, that  inftead  of  50,000  years,  which 
Newton  affigns  for  the  earth  to  cool  to  the  ac- 
tual temperature,  it  would  take  42,964  years, 
221  days,  to  cool  only  to  the  point  where  it 
would  ceafe  to  burn,  and  86,667  years  and  132 
days,  to  cool  to  the  acElual  temperature. 

It  might  only  be  fuppofed,  that  the  refrige- 
ration of  the  earth  fhould  be  confiderably  in- 
creafed,  becaufe  we  imagine  that  refrigeration 
is  only  performed  by  the  contaft  of  the  air,  and 
that  there  is  a great  difference  between  the 
time  of  refrigeration  in  the  air  and  in  vacuo  ; 
and  fuppofing  that  the  earth  and  air  cool  in 
the  fame  time  in  vacuo,  this  furphis  of  time 
fhould  be  reckoned.  But,  in  fa£l,  this  dif- 
ference of  time  is  very  ineonfiderable,  for 
though  the  denfity  of  the  medium,  in  which 
a body  cools,  makes  fomething  on  the  duration 
of  the  refrigeration,  this  effe£I  is  much  Icfs 
than  might  be  imagined,  fince  in  mercury, 
which  is  ten  thoufand  times  denfer  than  air,  it 
is  only  requifite  to  plunge  bodies  therein  about 
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•Bine  times  as  often  as  is  required  to  produce 
the  fame  refrigeration  in  air.  The  principal 
caufe  of  refrigeration  is  not,  therefore,  the  con- 
tadl  of  the  ambient  medium,  but  the  expanCve 
force  which  animates  the  parts  of  heat  and  fire, 
drive  them  out  of  the  bodies  wherein  they  re- 
fide,  and  impels  them  diredlly  from  the  ceatre 
to  the  circumference. 

By  comparing  the  time  employed  i^  the  pre- 
ceding experiments  to  heat  iron  globes,  with 
that  requifite  to  cool  them,  we  find  that  they 
may  be  heated  till  they  become  white  in  one 
fixth  part  of  the  time  they  take  to  cool,  fo  as  to 
be  held  in  the  hand,  and  about  one  eighteenth 
of  that  to  cool  to  a£tual  temperature,  fo  that 
there  is  a great  error  in  the  ellimate  Newtoij 
made  on  the  heat  communicated  by  the  fun  to 
the  comet  of  1680,  for  that  comet  haying  been 
expofed  to  the  violent  heat  of  the  fun  but  a 
fhort  time  could  receive  it  only  in  proporr 
tion  thereto,  and  not  in  fo  great  a degree  as 
that  author  fuppofes.  Indeed,  in  the  palfage 
alluded  to,  he  confiders  the  heat  of  red-hot 
iron  much  lefs  thati  in  fadl  it  is,  and  that  he 
himfelf  ftates  it  to  be,  in  a Memoir,  entitled. 
The  Scale  of  Heat,  publifhed  in  the  Philofophi- 
cal  Tr'anfaftions  of  1701,  which  was  many 
years  before  the  publication  of  his  principles. 

0^2  We 
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We  fee  in  that  excellent  Memoir,  which  in- 
cludes the  germ  of  all  the  ideas  on  which  ther- 
mometers have  fince  been  conftrufted  ; that 
Newton,  after  very  exa£l  experiments,  makes 
the  heat  of  boiling  water  to  be  three  times 
greater  than  that  of  the  fun  in  the  height  of 
fummer;  that  of  melted  tin,  fix  times  greater; 
that  of  melted  lead,  eight  times  ; that  of  melted 
regulus,  twelve  times  ; and  that  of  a common 
culinary  fire,  fixtcen  or  feventeen  times  ; from 
hence  we  may  conclude,  that  the  heat  of  iron, 
when  heated  fo  as  to  become  white,  is  ftill 
much  greater,  fince  it  requires  a fire  conti- 
nually animated  by  the  bellows  to  heat  it  to  that 
degree.  Newton  feems  to  be  fenfible  of  this, 
for  he  fays,  that  the  heat  of  iron  in  that  ftate 
appears  to  be  feven  or  eight  times  greater  than 
that  of  boiling  water.  This  diminifhes  half 
the  heat  of  this  comet,  compared  to  that  of 
hot  iron. 

But  this  diminution,  which  is  only  relative, 
is  nothing  in  comparifon  with  that  real  and 
very  great  diminution  which  refults  from  our 
firft  confideration.  For  the  comet  to  have  re- 
ceived this  heat  a thoufand  times  greater  than 
that  of  red-hot  iron,  it  would  require  to  have 
remained  for  a very  long  time  in  the  vicinity 
of  the  fun,  whereas  it  only  pafied  very  rapidly 

at 
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at  a fmall  diftance.  It  was  on  the  8th  of  De- 
cember, 1680,  at  T^oo  diftance  from  the  earth 
to  the  centre  of  the  fun  ; but  24  hours  before, 
and  as  many  after,  it  was  at  a diftance  fix  times 
greater,  and  where  the  heat  was  confequently 
36  times  lefs. 

To  know  the  quantity  of  this  heat  commu- 
nicated to  the  comet  by  the  fun,  we  here  find 
how  we  ftiould  make  this  eftimation  tolerably 
juft,  and,  at  the  fame  time,  make  the  com- 
parifon  with  hot  iron  by  the  means  of  my  ex- 
periments. 

We  (hall  fuppofe,  as  a fa£l,  that  this  comet 
took  up  666  hours  to  defcend  from  the  point 
where  it  then  was,  and  which  point  was  at  an 
equal  diftance  as  the  earth  is  from  the  fun, 
confequently  it  received  an  equal  heat  to  what 
the  earth  receives  from  that  luminary,  and 
which  I here  take  for  unity  ; we  fihall  likewife 
fuppofe  that  the  comet  took  666  hours  more  to 
afcend  from  the  loweft  point  of  its  periheliunj 
to  this  fame  diftance  ; and  fuppofing  alfo  its 
motion  uniform,  we  ftiall  perceive,  that  the 
comet  being  at  the  loweft  point  of  its  perihe- 
lium,  that  is,  to  of  the  diftance  from  the 
earth  to  the  fun,  the  heat  it  received  in  that 
motion  was  2,700,766  times  greater  than  that 
the  earth  receives.  By  giving,  to  this  motion 
a duration  of  80  minutes,  to  wit,  40  for  its 
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defcent,  and  40  for  its  afcent,  we  (Tiall  have,  at 

6 diftance,  27,776  heat  during  80  minutes,  at 

7 diftance  20,408  heat  alfo  during  80  minutes, 
at  8 diftance  15,625  heat  during  80  minutes, 
and  thus,  fucceflively,  to  the  diftance  of  a icoo, 
where  the  heat  is  i.  By  fumming  up  the 
heats  at  each  diftance  we  fliall  find  363,410  to 
be  the  total  of  the  heat  the  comet  has  received 
from  the  fun,  as  much  in  defeending  as  in  af- 
cending,  which  muft  be  multiplied  by  the  time, 
that  is,  by  four  thirds  of  an  hour,  we  ftiall  then 
have  484,547,  which  divided  by  2,000  re- 
prefents  the  folid  Iieat  the  earth  received  in 
this  time  of  1332  hours,  fince  the  diftance  is 
always  1,000,  and  the  heat  always  equals  i. 
Thus  we  ftiall  have  242, for  the  heat  the 
comet  received  more  than  the  earth  during  the 
whole  time  of  its  perihelium  inftead  of  28,000, 
as  Newton  fuppofed  it,  becaufe  he  took  only 
the  extreme  point,  and  paid  no  attention  to  the 
ivery  fmall  duration  of  time.  And  ftill  this 
heat  muft  be  diminiftied  242,-2  hecaufe  the 
comet  ran,  by  its  acceleration,  as  much  more 
way  in  the  fame  time  as  it  was  nearer  the  fun. 
But  by  negledling  this  diminution,  and  only 
admitting  that  the  comet  received  an  heat  near- 
ly 242  times  greater  than  that  of  our  fummer’s 
fun,  and,  confequently,  1,7-^  times  greater  than 
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that  of  hot  iron,  according  to  Newton’s  efti- 
mation,  or  only  ten  times  greater  according  to 
this  eftimation ; it  muft  be  fiippofed,  that  to 
give  a heat  ten  times  greater  than  that  of  red 
hot  iron,  it  required  ten  times  more  time;  that 
is  to  fay,  1332  ; confequently,  we  may  compare 
the  comet  to  a globe  of  iron  heated  by  a 
forge  fire  for  13320  hours,  to  heat  it  to  a 
whitenefs. 

Now  we  find  by  calculation  on  my  experi- 
ments, that  with  a forge  fire,  we  can  heat  to  a 
whitenefs  a globe  whofe  diameter  is  228342!^ 
inches  in  799200  minutes,  and,  confequently, 
the  whole  mafs  of  the  comet  to  be  heated  to  the 
point  of  iron  to  a whitenefs,  during  the  fhort 
time  it  was  expofed  to  the  heat  of  the  fun,  could 
only  be  2233422  inches  in  diameter  ; and  even 
then  it  muft  have  been  ftruck  on  all  fides,and  at 
the  fame  time,  by  the  light  of  the  fun.  Thus 
comets,  when  they  approach  the  fun,  do  not 
receive  an  immenfe  nor  a very  durable  heat, 
as  Newton  fays,  and  as  we  at  the  firft  view 
might  be  inclined  to  believe.  Their  ftay  is 
fo  ftiort  in  the  vicinity  of  the  fun,  that  their 
mafles  have  not  time  to  be  heated,  and  befides 
only  part  of  their  furface  is  expofed  thereto  ; 
this  part  is  burnt  by  the  extreme  heat,  which 
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by  calcining  and  volatilizing  the  matter  of  this 
furface,  drives  it  outwardly  in  vapours  and  dull 
from  the  oppofite  fide  to  the  fun  ; and  what  is 
called  the  tail  of  the  comet,  is  nothing  elfe  than 
the  light  of  the  fun  rendered  fenfiblc,  as  in  a 
dark  room,  by  thofe  atoms  which  the  heat 
lengthens  as  it  is  more  violent. 

But  another  different  and  more  important 
confideration  is,  that  tjo  apply  the  refult  of  our 
experiments  and  calculation  to  the  comet  and 
earth,  we  muft  fuppofe  them  compofed  of  mat- 
ters which  would  demand  as  much  time  as  iron 
to  cool : whereas,  in  reality,  the  principal  mat- 
ters of  which  the  terreftrial  globe  is  compofed, 
fuch  as  clay,  gres,  ftones,  &c.  cannot  polTibly 
take  fo  long. 

To  fatisfy  myfelf  on  this  point,  I caufed 
globes  of  clay  and  marl  to  be  made,  and  having 
heated  them  at  the  fame  forge  until  white,  I 
found  that  the  clay  balls  of  two  inches,  cooled 
in  38  minutes  fo  as  to  be  held  in  the  hand ; thofe 
of  two  inches  and  an  half,  in  48  minutes  ; and 
thofe  of  three  inches,  in  60  minutes  ; which 
being  compared  with  the  time  of  the  refri- 
geration of  iron  bullets  of  the  fame  diameters, 
give  38  to  80  for  two  inches,  48  to  102  for 
two  inches  and  an  half,  and  60  to  127  for 
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three  inches  ; fo  that  only  half  the  time  is  re- 
quired for  the  refrigeration  of  clay,  to  what  is 
neceflary  for  iron. 

I found  alfo,  that  lumps  of  clay,  or  marl, 
of  two  inches,  refrigerated  fo  as  to  hold  them 
in  the  hand  in  45  minutes  ; thofe  of  two  inches 
and  an  half  in  58  ; and  thofe  of  three  inches  in 
“75,  which  being  compared  with  the  time  of 
refrigeration  of  iron  bullets  of  the  fame  dia- 
meters, gives  46  to  80  for  two  inches,  58  to 
102  for  two  inches  and  an  half,  and  75  to 
127  for  three  inches,  which  nearly  form  the 
ratio  of  9 to  5 ; fo  that  for  the  refrigeration  of 
clay,  more  than  half  the  time  is  required  than 
for  iron. 

It  is  neceffary  to  obferve,  that  globes  of  clay 
heated  white,  loft  more  of  their  weight  than 
iron  bullets,  even  to  the  ninth  or  tenth  part  of 
their  weight : whereas  gres  heated  in  the  fame 
fire,  loft  fcarcely  any  thing,  although  the  whole 
furface  was  covered  over  with  fcales,  and  re- 
duced into  glafs.  As  this  appeared  fingular,  I 
repeated  the  experiments  feveral  times,  increaf- 
ing  the  fire,  and  continuing  it  longer  than  for" 
iron  ; and  although  it  fcarcely  required  a third 
of  the  time  to  redden  clay,  to  what  it  did  to 
redden  iron,  I kept  them  in  the  fire  thrice 
as  long  as  was  requifite,  to  fee  if  they  would 
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lofe  more,  but  I found  very  triflingdiminutions ; 
for  the  globe  of  two  inches  heated  for  eight 
minutes,  which  weighed  feven  ounces,  two 
drachms,  and  thirty  grains,  before  it  was  put 
in  the  fire,  loft  only  forty-one  grains,  which  does 
not  make  a hundredth  part  of  its  weight ; and 
that  of  three  inches,  which  weighed  twenty- 
four  ounces,  five  drachms,  and  thirteen  grains, 
having  been  heated  by  the  fire  for  eighteen  mi- 
nutes, that  is  nearly  as  much  as  iron,  loft  only 
feventy-eight  grains,  which  does  not  make  the 
hundredth  and  cighty-firft  part  of  its  weight. 
Thefe  lolTes  are  fo  trifling,  that  it  may  be 
looked  upon,  in  general,  as  certain  that  pure 
clay  lofes  nothing  of  its  weight  in  the  fire,  for 
thofe  trifling  diminutions  were  certainly  occa- 
fioned  by  the  ferruginous  parts  which  were 
found  in  the  clay,  and  w'ere  in  part  deftroyed 
by  the  fire.  It  is  alfo  worthy  obfervation,  that 
the  duration  of  heat  in  different  matters expofed 
to  the  fame  fire  for  an  equal  time,  is  always  in 
the  fame  proportion,  whether  the  degree  of  heat 
is  greater  or  fmaller. 

I have  made  fimilar  experiments  to  the  pre- 
ceding on  marble,  ftone,  lead,  and  tin,  by  a 
heat  only  ftrong  enough  to  melt  tin,  and  I 
found,  that  iron  refrigerated  in  eighteen  mi- 
nutes, marble  refrigerated  to  the  fame  degree 
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in  twelve  minutes,  ftone  in  eleven,  lead  in  nine, 
and  tin  in  eight.  It  is  not,  therefore,  in  propor- 
tion to  their  denfity,  as  is  commonly  fuppofed, 
that  bodies  receive  more  or  lefs  heat,  but  in  an 
inverted  ratio  of  their  folidity  ; that  is,  of  their 
greater  or  lelTer  non  fluidity ; fo  that,  by  the 
fame  heat,  lefs  time  is  requifite  to  heat  or  cool 
the  xnoft  denfe  fluid. 

To  prevent  the  fufpicion  of  vainly  dwelling 
upon  aflTertion,  I think  it  neceflary  to  remark 
upon  what  foundation  I build  this  theory  ; I 
have  found  that  bodies  which  fliould  heat  in 
ratio  of  their  diameters,  could  be  only  thofe 
which  might  be  perfectly  permeable  to  heat, 
and  as  would  heat  or  cool  in  the  fame  time  ; 
from  hence,  I concluded  that  fluids,  whofe 
parts  are  only  held  together  by  a flight  con- 
nexion, might  approach  nearer  this  perfeX 
permeability  than  folids,  whofe  parts  have  more 
cohefion.  In  confequence  of  this,  I made  ex- 
periments, by  which  I found,  that  with  the 
fame  heat  all  fluids,  however  denfe,  heat  and 
cool  more  readily  than  any  folids,  however 
light,  fo  that  mercury,  for  example,  heats  much 
more  readily  than  wood,_  although  it  be  fifteen 
or  fixteen  times  more  denfe. 

This  made  me  perceive  that  the  progrefs  of 
heat  in  bodies  muft  not,  in  any  cafe,  be  made 
R 2 relatively 
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relatively  to  their  denfity  ; and  I have  found 
by  experience,  that  this  progrefs,  as  well  in 
folids  as  fluids,  is  made  rather  by  reafon  of 
their  fluidity,  or  in  an  inverted  ratio  of  their 
folidity.  1 mean  by  JoVidity  the  quality  oppo- 
fite  to  fluidity  ; and  I fay,  that  it  is  in  an  in- 
verted ratio  of  this  quality  that  the  progrefs 
of  heat  is  made  in  mofl:  bodies  ; and  that  they 
heat  or  cool  fo  much  the  fafter  as  they  are  the 
more  fluid,  and  fo  much  the  flower  as  they  are 
more  folid,  every  other  circumftance  being 
equal, 

. To  prove  that  folidity,  taken  in  this  fenfe,  is 
perfe£lly  independent  of  denfity,  the  mofl:  or 
leafl;  denfc  matters,  heat  or  cool  more  readily 
than  other  more  or  lefs  denfc  matters,  for  ex- 
ample, gold  or  lead,  which  are  much  more  denfe 
than  iron  and  copper,  heat  and  cool  much 
quicker  ; while  tin  and  marble,  which  are  not 
fo  denfe,  heat  and  cool  much  fafter  than  iron 
and  copper  ; and  there  are  likewife  many  other 
matters  which  come  under  the  fame  deferip- 
tion  ; fo  that  denflty  is  no  ways  relative  to  the 
fcale  of  the  progrefs  of  heat  in  folid  bodies. 

It  is  likewife  the  fame  In  fluids,  for  I have 
obferved,  that  quickfilver,  which  is  thirteen  or 
fourteen  times  more  denfe  than  water,  never- 
thelefs  heats  and  cools  in  lefs  time  than  water  ;• 
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and  fpirit  of  wine,  which  is  lefs  denfe  than 
water,  heats  and  cools  much  quicker  ; fo  that 
generally  the  progrefs  of  heat  in  bodies,  as  well 
for  the  ingrefs  as  egrefs,  has  an  affinity  with 
their  denfity,  and  is  principally  made  in  ratio 
of  their  fluidity,  by  extending  the  fluidity  to  a 
folid  ; from  hence  I concluded,  that  we  fhould 
know  the  real  degree  of  fluidity  in  bodies,  by 
heating  them  to  the  fame  heat ; for  their  fluidity 
would  be  in  a like  ratio  as  that  of  the  time 
during  which  they  would  receive  and  lofe  this 
heat  ; and  that  it  .would  be  the  fame  with 
folid  bodies.  They  will  be  fo  much  the  m.ore 
folid,  that  is  to  fay,  fo  much  the  more  non 
fluids,,  zs  they  require  more  time  to  receive 
and  lofe  this  heat,  and  that  almofl;  generally 
to  what  I prefume  ; for  I have  already  tried 
thefe  experiments  on  a great  number  of  dif- 
ferent matters,  and  from  them  I made  a table, 
which  I haveiendeavoured  to  render  as  complete 
and  exadl  as  poffible. 

We  caufed  feveral  globes  to  be  made  of 
an  inch  diameter  from  the  following  mat- 
ters, which  nearly  reprefent  the  Mineral 
kingdom. 

M.  Tillet,  of  the  Academy  of  Sciences, 
made  the  globe  of  refined  gold  at  my  particular 

requeft, 


126 


buffon's 


requeft,  and  the  whole  of  them  weighed  as 
follows  1 


oz. 

6 

O 

O 

3 

3 

2 

2 

2 


Gold  — _ ^ 

Lead  — — — 

Pure  filver  — — 

Bifmuth  — — - 

Copper-red  , — — 

Iron  — — — 

Tin  — — ' - 

Antimony  melted,  and  which  had 
fmall  cavities  on  its  furface  2 

Fine  — — — 2 

Emery  — — — i 

White  marble  — — i 

Pure  clay  — ■ — o 

Marble  common  of  Montbard  o 

White  gypfum,  improperly  called 
Alabafter  — — , o 

Calcareous  white  (lone  of  the  quarry 
of  Anieres,  near  Dijon  — 6 

Rock  chryftal ; it  was  a little  too 
fmall,  and  had  many  defeats.  I 
prefume  that  without  them  it 
would  have  weighed  — o 
Common  glafs  — — o 


d. 

2 

6 

3 

o 

7 

5 

3 


gr- 

17 

28 

22 

3 

56 

10 

48 


34 

2 

24t 

25 
7 24 
7 20 


6 36 

6 6 


6 22 
6 21 
Pu#e 
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OZ.  d.  gr. 

Pure  earth,  very  dry  — — o 6 i6 

Oker  — — — 059 

Porcelain  of  the  Court  de  Laura- 

guais  — - — o 5 2i 

White  chalk  — — o 4 49 

Cherrytvood,  which  although  lighter 
than  mod  other  woods,  is  that 
which  takes  in  the  lead  fire  o i 59 
I mud  here  obferve,  that  a pofitive  conclu- 
fion  mud  not  be  made  of  the  exadl  fpecific 
weight  of  each  matter  from  the  preceding 
table,  for  notwithdanding  the  precaution  that 
was  taken  to  render  the  globes  equal,  as  I was 
obliged  to  employ  different  workmen,  fome 
were  too  large,  and  others  too  fmall.  Thbfe 
which  were  more  than  an  inch  diameter  were 
diminidied,  but  thofe  of  rock  chrydal,  glafs 
and  porcelain,  which  were  rather  too  fmall,  we 
fuffered  to  remain,  and  only  rejedfed  thofe  of 
agate,  jafper,  and  porphyry,  which  were  fen- 
fibly  fo.  This  precifion  in  fize  was  not  abfo- 
lutely  neceffary,  for  it  could  very  little  alter  the 
refult  of  my  experiments. 

Previous  to  ordering  thefe  globes,  I expofed 
to  a like  degree  of  fire,  a fquare  mafs  of  iron, 
and  another  of  lead  of  two  inches  diameter,  and 
found,  by  reiterated  effays,  that  lead  heated 
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and  cooled  in  much  lefs  time  than  iron.  I made 
the  fame  experiment  on  red  copper,  and  that 
required  more  time  to  heat  and  cool  than  lead, 
and  lefs  than  iron.  So  that  of  thefe  three  mat- 
ters, iron  appeared  the  leaft  acceflible  to  heat, 
and,  at  the  fame  time,  that  which  retained 
it  the  longeft.  From  which  1 learn  that  the 
law  of  the  progrefs  of  heat  in  bodies  was  not 
proportionable  to  their  denfity,  fince  lead, 
which  is  more  denfe  than  iron  or  copper,  ne- 
verthelcfs  heats  and  cools  in  lefs  time  than 
either.  As  this  obje6l  appeared  important,  I 
was  induced  to  have  thefe  globes  made,  and  to 
be  more  perfedly  fatisfied  of  the  progrefs  of 
heat  in  a great  number  of  different  matters,  I 
always  placed  the  globes  at  an  inch  diftance 
from  each  other,  before  the  fame  fire,  or  in  the 
fame  oven,  2,  3,4,  or  5,  together  with  a globe 
of  tin  in  the  midft  of  them.  In  moil:  of  my  ex- 
periments I fuffered  them  to  be  expofed  to  the 
fame  a£live  fire  till  the  globe  of  tin  began  to 
melt,  and  at  that  inftant  they  were  all  remov- 
ed, and  placed  on  a table  in  fmall  cafes.  I 
fuffered  them  to  cool  without  moving,  often 
trying  whether  I could  touch  them,  and  the 
moment  they  left  off  burning,  and  I cotddhold 
them  in  my  hands  half  a fecond,  I marked  the 
time  which  had  paffed  fince  I drew  them  from 
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the  fire.  I afterwards  fufFered  them  to  cool  to 
the  adlual  temperature,  of  which  I endeavoured 
to  judge  by  means  of  touching  other  fmall 
globes  of  the  fame  matters  that  had  not  been 
heated.  Of  all  the  matters  which  I put  to  the 
trial,  there  was  only  fulphur  which  melted  in  a 
lefs  degree  of  heat  than  tin,  and  notwithftand- 
ing  its  difagreeable  fmell  I Ihould  have  taken 
it  for  a term  of  comparifon,  but  being  a brittle 
matter  which  diminifties  by  fridlion,  I pre- 
ferred tin,  although  it  required  nearly  double 
the  heat  to  melt. 

Having  heated  the  bullets  of  iron,  copper, 
lead,  tin,  gres,  and  Montbard  marble,  together 
in  the  fame  fire,  and  for  an  equal  length  of 
time  they  cooled  in  the  following  order  : 


So  as  to  he  heU  in  the  hand for 
half  a feiond. 

‘To  aSual  temperature. 

Min. 

Min. 

Tin  in  - - - 

In---- 

16 

Lead  in  - - - 8 

In---- 

17 

Gres  in  - - - 9 

In---- 

19 

Common  marble  inio 

In---- 

21 

Copper  in  - ii^ 

In---- 

30 

Iron  in  - - 13 

In  - - - - 

38 

By  a fecond  experiment  with  a fiercer  fire, 
fufficient  to  melt  the  tin  bullet,  the  five  others 
cooled. 


VOL.  X. 


S 


So 


130  bukfon’s 


.^9  as  to  be  hdd  in  the  hand. 

To  a&ual  temperature. 

Mil). 

% 

Min. 

Lead  in 

lof 

In  - 

42 

Gres  in  - - 

12\ 

In---- 

46 

Common  marble 

In---- 

50 

Copper  - 

i9i 

In---- 

51 

I ron  - - - 

23I 

In  - - - - 

54 

By  a third  experiment,  with  a lefs  degree 
of  fire  than  the  preceding,  the  fame  bullets 


with  a frefh  tin  bullet, 
order : 

cooled  in  the  following 

So  as  to  be  held  in  the  hand. 

To  aBual  temperature. 

Min, 

Min. 

Tin  in  - - - 7I 

In  - - - - 25 

Lead  in  - - 9| 

In  - - - - 25 

Gres  in  - - io| 

In  - - - - 37 

Common  marble  12 

■In  - - - - 39 

Copper  - - 14 

In  - - - - 44 

Iron  - - - 1 7 

In  - - - - 50 

From  thefe  experiments,  which  I made  with 

as  much  precifion  as  pofiible,we  may  conclude, 
firft,  that  the  time  of  refrigeration  of  iron,  fo 
as  to  be  held  in  the  hand,  is  to  that  of  copper 
: : 53I  : 45,  and  to  the  point  of  temperature 
: : 142  : 125. 

2dly,  That  the  time  of  refrigeration  of  iron, 
fo  as  to  be  held  in  the  hand,  is  to  that  of  the 
firft  refrigeration  of  common  marble  : : 53I  : 
35I  and  their  entire  refrigeration  : : 142  : no. 

3diy* 
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3<lly,  That  the  time  of  refrigeration  of  iron, 
to  that -of  gres,  fo  as  to  be  held  in  the  hand,  is 
: : 53-|  : 32  and  : : 142  : io2|,  for  their  en- 
tire refrigeration. 

4lhly,  That  the  time  of  refrigeration  of 
iron  to  that  of  lead,  fo  as  to  be  held  in  the 
hand,  is  : : 53I  : 27  and  142  : 94^  for  their 
entire  refrigeration. 

In  an  oven  hot  enough  to  melt  tin,  although 
all  the  coals  and  cinders  were  drawn  out,  I 
placed,  on  a piece  of  iron  wire,  five  bullets, 
diftant  from  one  another  about  nine  lines,  after 
which  the  oven  was  fhut,  and  having  drawn 
them  out,  in  about  i8  minutes  they  cooled. 


So  as  to  be  held  in  the  hand. 

To  a6iual  tem^eratui  e . 

Min. 

Min, 

Melted  tin  in 

8 

In  - - 24 

Silver  in  - - 

14 

In----  40 

Gold  in  - - 

15 

In  - - - - 46 

Copper  in 

16X 

In  - - - - 50 

Iron  in 

18 

In  - - - - 56 

In  the  fame  oven,  but  with  a flower  heat, 

the  fame  bullets, 

with 

another  bullet  of  tin. 

cooled, 

So  as  to  be  held  in  the  band. 

To  a&ual  temperature. 

Min. 

Min. 

Tin  in  - 

7 

In  - - - - 20 

Silver  in  - - 

1 1 

In--  - - - 31 

S 

2 Gold 
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Gold  in  - - I2i 

In  - - - - 40 

Copper  in  14 

In  - - - - 43 

Iron  in  - - i6| 

In  - - - - 47 

In  the  fame  oven,  but  with  a ftill  lefs  degree 
of  heat,  the  fame  bullets  cooled. 

So  as  to  be  held  in  the  hand» 

To  aitual  temferaturc. 

Min, 

Min. 

Tin  in  - _ 6 

In  - - - - 17 

Silver  in  - - 9 

In  - - - - 26 

Gold  in  - - 9I 

In  - - - - 28 

Copper  in  - 10 

In  - - - - 31 

Iron  in  - - 11 

In  - - - - 35 

Having  placed  in  the  fame  oven  five  other 
bullets,  their  refrigeration  was  in  the  follow- 

ing  proportions. 

So  as  to  be  held  in  the  hand. 

*To  aSlual  temperature. 

Mill. 

Min, 

Antimony  in  - 6^ 

In  - _ - - 25 

Bifmuth  in  - 7 

In  - - - - 26 

Lead  in  - - 8 

In  - - - - 27 

Zinc  in  - - io\ 

In  - - - - 30 

Emery  in  - - 

In  - - - - 38 

In  the  fame  oven,  and  in  the  fame  manner, 
another  bullet  of  Bifmuth  was  placed,  with  fix 
other  bullets,  which  cooled, 


So  as  to  be  he  Li  \n 

the  band. 

*To  ablual  temperature* 

Min. 

Min 

Antimony  in 

- 6 

In  - - - - 23 

Bifmuth  in 

6 

In  - - - - 25 

Lead 
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Lead  in 

- 7l 

In  - - - - 28 

Silver  in  - 

- 9i 

In  - - - - 30 

Zinc  in  - 

- IO| 

In  - - - - 32 

Gold  in  - 

- 

In  - - - - 34 

Emery  in  - 

- m 

In  - - - - 39 

There  was 

put  in  the  fame  oven  a bullet  of 

glafs,  another  of  tin,  one  of  copper,  and  one  of 

iron,  and  they  cooled. 

So  as  to  be  held  in 

the  hand. 

To  ahlual  tesnperature. 

Min; 

Min 

Tin  in 

8 

In  - - - - 27 

Glafs  in 

81 

In  - - - - 22 

Copper  in 

- 14 

In  - - - - 42 

Iron  in 

i6 

In  - - - - 50 

Bullets  of  gold,  glafs,  porcelain,  gypfum,and 
gres,  were  heated  together,  and  cooled. 

So  as  to  be  held  it. 

1 the  hand. 

To  a^ual  tcmperaiut^. 

Min. 

Min. 

Gypfum  in  , 

- 8 

In  - - - - 24 

Porcelain  in 

- 8| 

In  - - - - 25 

Glafs  in 

2 

In  - - - - 26 

Gres  in 

lo 

In  - - - - 32 

Gold  in 

141 

In  - - - - 45 

Bullets  of  filver,  common  marble,  hard 
ftone,  white  marble,  and  foft  calcareous  (lone 
of  Amiens,  near  Dijon,  were  heated  like  the 
former,  and  cooled. 


So 
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So  as,  to  beheld  in  the  hand. 

To 

aStual  temfirature. 

s. 

Min. 

Min. 

Soft  calcareous  (lone 

in  8 

In 

- - 25 

Hard  ftone  in 

10 

In 

- - 34 

Common  marble  in 

1 1 

In 

- - 35 

White  marble  in  - 

12 

In 

- - 36 

Silver  in  - - 

In 

- - 40 

Tlie  whole  of  thefe  experiments  were  made 
with  the  utmoft  care  and  attention,  not  only  by 
myfelfbutin  the  prefence  of  feveral  perfons, 
who  alfo  endeavoured  to  judge  of  the  firft  de- 
gree of  temperature  by  holding  the  bullets  for 
half  a fecond  in  their  hands,  and  the  relations 
, of  which  are  more  exadl  than  thofe  of  the 
adfual  temperature,  becaufethat  being  variable 
the  refult  muft  fometimes  vary  alfo. 

With  a view  to  avoid  that  prolixity  which 
would  neceflarily  attend  the  continual  repeti- 
tion in  a comparative  ftatement  of  the  refrige- 
ration of  thefe  different  bodies,  we  have  con- 
nedled  them  in  a general  table,  and  taking 
10,000  for  the  ftandard  of  comparifon,  their 
differences  may  be  feen  at  one  view. 


A TABLE 
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A TABLE  . 

OF  THE 

Relations  of  different  Mineral  Suhjlances. 


IRON,  with 


Firft  Entire 
Refrig,  Refrig, 

Emery 

10000  to  9117 — 9020 

Copper 

to  8512 — 8702 

Gold 

• to  8160 — 8148 

Zinc 

to  7654 — 6020 

6804 

Silver  - - _ 

to  7619—7423 

Marble  White 

to  6774 — 6704 

Marble  common 

to  6636 — 6746 

Stone  calcareous  hard  - 

to  6617 — 6274 

Gres 

to  5796 — 6926 

Glafs 

to  5576  ■ 5805 

Lead 

to  5143  6482 

Tin 

to  4898 — 4921 

Stone  calcareous  foft  - 

to  4194—4659 

Clay 

to  4198 — 4490 

Bifmuth 

to  3580 — 4081 

Chalk 

to  3086 3878 

Gum 

to  2325 — 2817 

Wood 

to  1890 — 1594 

Pumice-ftone 

to  1627 — 1268 

EMERY, 
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EMERY,  with 


Copper 

Gold 

Zinc 

Silver 

Stone  calcareous  hard 
Gres 
Glafs 
Lead 
Zinc 
Clay 
Bifmuth 
Antimony 
Oker 
■Chalk 
Gvpfuin 
Wood 


Firft  Entire 
Refrig.  Refrig. 

10000  to  8519 — 8148 

to  8513 — 8560 

to  8390—7693 

7458 

to  7778—7895 

■  73°4 — 6963 

to  6552—6517 

to  5862 — 5506 

to  5718 — 6643 

to  5658 — 6000' 

to  5185—5185 

to  4949 — 6060 

to  4540—5827 

to  4259 — 3827 

■  to  3684 — 4105 

to  2368 — 2947 

to  1552—3146 


COPPER,  with 


Gold 

Zinc 

Silver 

Marble  common 

Gres 

Glafs 

Lead 


10000  to  9136 — 9194 

to  8571 — 9250 

7619 

to  8395 — 7823 

to  7639 — 8oig 

to  7333—8160 

to  6667 — 6567 

to  6179—7367 

Tin 
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Tin 

Stone  calcareous  tender 

Clay 

Bifmuth 

Antimony 

Oker 

Chalk 


Firft  Entire 
Rcfrig.  Refrig. 

loooo  to  5746 — 6916 

to  5168—5633 

to  5652 — 6363 

to  5686—5959 

to  5130 5808 

to  5003—4697 

to  4068 — 4368 


GOLD,  with 


Zinc 

Silver 

Marble  white 

Marble  common 

Stone  calcareous  hard 

Gres 

Glafs 

Lead 

Tin 

Stone  calcareous  foft 

Clay 

Bilmuth 

Porcelain 

Antimony  - 

Oker 

Chalk 

Gypfum 


voi.  X.  T 


10000  to  2474—9304 
8422 

to  8936—8686 

to  8101 — 7863 

to  7342 7434 

to  7383— 7516 

to  7368—7627 

to  7103—5232 

- to  6526 7500 

to  6324 6051 

to  6087 5811 

to  5814 — 5077 

to  5658—7043 

to  5526—5593 

to  5395—6348 

to  5349—4462 

to  4571—4452 

to  29S9— 3293 


ZINC, 


ZINC,  with 


Firft  Entire 
Refrig.  Refrig. 


Silver 

loooo  to  8904 — 8990 
10015 

Marble  white 

to  8305 — 8424 

7194 

Gres 

to  6242—7333 

5838 

Lead 

to  6051—7947 

• 4950 

Tin 

to  6777 — 6240 

5666 

Stone  calcareous  foft  - 

to  5536—7719 

4425 

Clay 

to  5484—7458 

4573 

Bifmuth 

to  5343—7547 

4232 

Antimony . 

to  5246 — 6608 

4135 

Chalk 

to  3729—5862 

2618 

Gypfum 

to  3409 — 4261 

2298 

SILVER 

, with 

Marble  white 

10000  to  8681 — 9200 

Marble  common 

to  7912 — 9040 

Stone  calcareous  hard 

to  7436 — 8580 

Gres 

to  7361 — 7767 

Glafs 
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Glafs 

Lead  - - 

Tin 

Stone  calcareous  foft 

Clay 

Bifmuth 

Porcelain 

Antimony 

Oker 

Chalk 

Gypfum 

Wood 

Pumice-ftone  - 


Firft  Entire 
Refrig.  Refrig. 

loooo  to  7230 — 7212 

to  7154 — 9184 

to  6176 — 6289 

to  6178 — 6289 

.to  6034 67  I o 

to  6308 — 8877 

to  5556—5242 

to  5692— 7653 

to  5000 5668 

to  4310 — 5000 

to  2879 — 3.3^^ 

to  2253 — 1864 

to  2059—1525 


WHITE  MARBLE,  with 


Marble  common 

Stone  hard 

Gres 

Lead 

Tin 

Stone  calcareous  foft 
Clay 

Antimony  - 
Oker 
Gypfum 
Wood 


10000  to  8992 — 9405 
— — to  8594 — 9130 

to  8286 — 8990 

to  7604—5555 

to  7 143 — 6792 

• to  6792 — 7281 

to  6400 — 6286 

to  6286 — 6792 

to  5400—5571 

to  4920 5116 

to  2200 — 2857 


T 2 
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COMMON  MARBLE,  with 


Stone  hard 
Gres  ' ■ 
Lead 

Tin  t 
Stone  foft 
Clay 

Antimony 

Oker 

Chalk 

Wood 


Firft  Entire 
Refi  ig.  Rcfrig. 

1 0000  to  9483 — 966^ 

to  8767 — 9273 

to  7671— 8590 

to  7424 — 6066 

- to  7327— 795g 

to  7272 — 7213 

to  6279 8322 

to  6136-6393 

- — 55^1—6333 

to  2500 — 3279 


HARD  CALCAREOUS  STONE,  with 


Gres 

Giai's 

Lead 

Tin 

Stone  foft 
Clay 
Oker 
Wood 


10000  to  9268 — 9355 

to  87 10 — -8352 

to  8571—7931 


to  1095—7931 

to  8000 — 8095 

to  6190 — 6897 

to  4762—5517 

to  2195—4516 


Glafs 

Lead 

Tin 

Stone  foft 
Porcelain 


GRES,  with 

- iccooto  9324 — 7939 

to  8561 — 8950 

to  7667 — 7633 

to  7644—7193 

ta  7364—7059 

Antimony 
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Firft  Entire 


Antimony 

Gypfum 

Wood 

Refrig.  Refrig. 

10000  to  7333 — 6170 
■ to  45(38 — 5000 

to  2368—4828 

GLASS,  with 

Lead 

Tin 

Clay 

Porcelain 

Oker 

Chalk 

Gvpfum 

Wood 

- 10000  to  9318—8548 

to  9107— 8679 

to  7938 — 7643 

- , to  7692—8863 

■ to  6289 6500 

" - to  6104 — 6^95 

to  4160 — 6011 
to  2647—5514 

LEAD,  with 

Tin 

Stone  foft 

Clay 

Bifmuth 

Antimony 

Oker 

Chalk 

Gypfum 

10000  to  8695 — 8333 
to  8437 7192 

to  7878— 8536 

to  8698 8750 

to  8241 8201 

to  6060 7073 

to  5714 61  I I 

104736—5714 

TIN,  with 

Clay 

Bifmuth 

Antimony 

Oker 

10000  to  8823 — 9524 
to  8889 — 9400 
“ - to  8710 — 9156 

to  5882 — 7619 
Chalk 
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Firft  Entire 
Refiig.  Refrig. 

Cha!k 

loooo  to  6394 — 6842 

Gyprum 

to  4090 49 1 2 

STONE  CALCAREOUS  SOFT,  with 

Antimony 

loooo  to  7742 — 9542 

Chalk 

to  7288 — 7312 

Gypfum 

to  4182 — 5211 

CLAY,  with 

Bifmuth 

10000  to  8870 9416 

Oker 

to  8400 8571 

Chalk 

— ^ — to  7701 — 8000 

Gypfum 

to  5185—8055 

Wood  ' 

to  3437—4545 

BISMUTH,  with 

Antimony 

10000  to  9349 — 9572 

Oker 

to  8846 — 7380 

Chalk 

to  8020 — 9500 

PORCELAIN,  with 

Gypfum 

10000  to  5301 — 6500 
ANTIMONY,  with 

Chalk 

loooo  to  8431 — 7391 

Gypfum 

- to  3833— 5476 

OKER,  with 

Chalk 

10000  to  8954 — 8889 

Gypfum 

_ to  6364 — 9062 

Wood 

to  4074 — 5128 
CHALK, 
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Firft  Entire 
Refrig.  Rcfrij. 

CHALK,  with 

Gypfum  - - loooo  to  6667 — 7920 

GYPSUM,  with 

Wood  - - 10000  to  8000 — 5260 

Pumice-ftone  - - 10000  to  7009 — 4560 

WOOD,  with 

Pumice-ftone  - 10000  to  8750 — 8182 

Notwithftanding  the  aftiduity  I iifed  in  my 
experiments,  and  the  care  I took  to  render  the 
relations  exadl,  I own  there  are  ftill  fome  im- 
perfe6lions  in  the  foregoing  table,  but  the  de- 
feds  are  trivial,  and  do  not  much  influence  the 
general  refults  ; for  example,  we  ftiall  eafily 
perceive,  that  the  relation  of  zino  to  lead  being 
10,0000  to  6,051,  that  of  zinc  to  tin  Ihould  be 
lefs  than  6,000,  whereas  it  is  found  6,777  in 
the  table.  It  is  the  farne  with  refped  of  filver 
to  bifmuth,  which  ought  to  be  lefs  than  6,308, 
and-  alfo  with  regard  of  lead  to  clay,  which 
ought  to  be  more  than  8,000,  but  in  the  table 
is  only  7,878.  This  difference  proceeded 
from  the  leaden  and  bifmuth  bullets  not  being 
always  the  fame  ; they  melted,  as  well  as  thofe 
of  tin  and  antimony,  and,  therefore,  could  not 
fail  of  producing  variations,  the  greateft  of 

which 
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■which  are  the  three  I have  juft  remarked.  It 
was  not  poflible  for  me  to  do  better  ; the  dif- 
ferent bullets  of  lead,  tin,  bifmuth,  and  anti- 
mony, which  I fucceftively  made  ufe  of,  were 
made  in  the  fame  manner,  but  the  matter  of 
each  might  be  fomewhat  different,  according 
to  the  quantity  of  the  alloy  in  the  lead  and 
tin,  for  I had  only  pure  tin  for  the  two  firft 
bullets  ; befides,  there  remains  very  often  a 
fmall  cavity  in  the  melted  bullet,  and  thefe 
little  caufes  are  fufficient  to  produce  the  little 
differences  which  may  be  remarked  in  the 
table. 

On  the  whole,  todraw  from  thefe  experiments 
all  the  profit  that  can  be  expeded,  the  matters 
which  compofe  the  objedl  muft  be  divided  into 
four  claffes,  viz.  i.  Metals.  2.  Semi-metals 
and  Metallic  Minerals.  3.  Vitrpous  and  Vi- 
trefcible  Subftances.  And  4.  Calcareous  and 
Calcinable  Subftances.  Afterwards  the  mat- 
ters of  each  clafs  muft  be  compared  between 
themfelves  to  difcover  the  caufe,  or  caufes,  of 
the  order  which  follows  the  progrefs  of  heat  in 
each,  and  then  with  each  other,  in  order  to  de- 
duce fome  general  refults. 

Firft.  The  order  of  the  fix  metals,  accord- 
ing to  their  denfity,  is  tin,  iron,  copper,  filver, 
lead,  and  gold  ; whereas  the  order  in  which 

they 
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they  receive  and  lofe  their  heat  is  tin,  lead,  fil- 
ver,  gold,  copper,  and  iron ; fo  that  in  tin  alone 
retains  its  place. 

The  progrefs  and  duration  of  heat  in  metals 
does  not  then  follow  the  order  of  their  denfity, 
except  in  tin,  which,  being  the  leaft  denfe,  is 
alfo  that  which  fooneft  lofes  its  heat;  but  the 
order  of  the  five  other  metals  demonftrates  that 
it  is  in  relation  to  their  fufibility  that  all  receive 
and  lofe  heat  ; for  iron  is  more  difficult  to  melt 
than  gold,  gold  more  than  filver,  filver  more 
than  lead,  and  lead  more  than  tin.  Neverthe- 
lefs,  it  would  be  advancing  too  much  to  pre- 
tend that  we  muft  attribute  to  all  fufibility,  and 
nothing  to  denfity.  Nature  never  deprives 
herfelf  of  one  of  her  properties  in  favour  of 
another  in  an  abfolute  manner  ; that  is  to  fay, 
in  a mode  that  the  firft  has  not  any  influence  on 
the  fecond.  Thus,  denfity  may  be  of  fomc 
weight  in  the  progrefs  of  heat  ; but  we  may 
fafely  affirm,  that  in  the  fix  metals  it  has  very 
little  comparatively  with  fufibility. 

This  fa£l;  was  neither  known  to  chemifts  nor 
phyficians ; they  did  not  even  imagine  that  gold, 
which  is  more  than  twice  as  denfe  as  iron, 
neverthelefs  lofes  its  heat  near  a third  fooner. 
It  is  the  fame  with  lead,  filver,  and  copper, 
which  are  all  more  denfe  than  iron,  and  which, 
VOL.  X.  U like 
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like  gold,  heat  and  cool  more  readily  ; for,  al- 
though the  refrigeration  has  been  queflioned, 
experiments  demonftratc  that  there  is  an  ingrefs 
of  heat  into  bodies  as  well  as  an  egrefs,  and  that 
thofe  which  receive  it  the  quickcft,  are  alfo 
thofe  which  lofe  it  the  fooneft. 

If  we  reflefl  on  the  real  principles  of  denfity, 
and  the  caufe  of  fufibility,  we  fliall  perceive, 
that  denfity  depends  abfolutely  on  the  quantity 
of  matter  which  Nature  places  in  a given  fpace ; 
that  the  more  fhe  can  make  it  enter  therein,  the 
more  denfity  there  will  be,  and  that  gold,  in  this 
refpedi,  is  of  all  fubftances,  that  which  con- 
tains the  mod  matter  relatively  to  its  volume. 
It  is  for  this  reafon  that  it  has  been  hitherto 
thought,  that  more  time  is  required  to  heat  or 
cool  gold  than  other  metals  ; and  it  was  natu- 
ral enough  to  fuppofe,  that  containing  double 
or  treble  the  matter  in  the  fame  volume,  double 
or  treble  time  would  be  required  to  penetrate 
it  with  heat ; nay  this  would  be  true,  if  in 
every  fubflance  the  conllitiieilt  parts  were  of 
the  fame  figure  and  ranged  the  fame.  But  in 
the  mod  denfe,  the  molecules  of  matter  are, 
probably,  of  a figure  fiifficiently  regular  not  to 
leave  very  void  places  between  them  ; in  others 
which  are  not  fo  denfe,  and  their  figures  more 
irregular,  more  vacuities  are  left,  and  in  the 
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lightefl:,  the  molecules  being  few,  and  moft 
likely  of  a very  irregular  figure,  a thoiifand 
times  more  void  is  found  than  plenitude ; for  it 
may  be  demonfirated  by  other  experiments,  that 
the  volume  of  even  the  moft  denfe  fubftance 
contains  more  void  fpace  than  full  matter. 

Now,  the  principal  caufe  of  fufibility  is  the 
facility  the  particles  of  heat  find  in  feparating 
thefe  molecules  of  full  matter  from  each  other; 
let  the  fum  of  the  vacuities  be  greater  or  lefs, 
which  caufes  denfity  or  lightnefs,  it  is  indiffe- 
rent to  the  reparation  of  the  molecules  which 
conftitute  the  plenitude ; and  the  greater  or  kfs 
fufibility  depends  entirely  on  the  power  of  co- 
herence which  retains  the  maffive  parts  united, 
and  oppofe  themfelves  more  or  lefs  to  their  fe- 
paration.  The  dilatation  of  the  total  volume 
is  the  firft  degree  of  the  a£lion  of  heat ; and  in 
different  metals  it  is  made  in  the  fame  order  as 
the  fufion  of  the  mafs,  which  is  performed  by 
a greater  degree  of  heat  or  fire.  Tin,  which 
melts  the  moft  ready,  is  alfo  that  which  dilates 
the  quickeft ; and  iron,  which  is  the  moft  diffi- 
cult to  melt,  is  likewife  that  whofe  dilatation  is 
the  ftoweft. 

After  thefe  general  pofitions,  which  appear 
clear,  precife,  and  are  founded  on  experiments 
that  nothing  can  contradift,  it  might  be  ima- 
U 2 gined 
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gined  that  dudtility  would  follow  the  order  of 
fufibility,  becaufe  the  more  or  lefs  duftility 
feems  to  depend  on  the  greater  or  lefs  adhefion 
of  the  parts  in  each  metal;  neverthelefs,  du6H- 
lity  feems  to  have  as  much  conne£Hon  with  the 
order  of  denfity,  as  with  that  of  their  fufibi- 
lity ; I fliould  readily  fay,  it  is  in  a ratio  com- 
pofed  of  the  two  others,  but  that  would  be  only 
by  eftimation,  and  a prefumption  which  is,  per- 
haps, not  founded  ; for  it  is  not  fo  eafy  to  ex- 
a£lly  determine  the  different  degrees  of  fufibi- 
lity, as  thofe  of  denfity  ; and  as  dudlility  parti- 
cipates of  both,  and  varies  according  to  cir- 
cumftances,  we  have  not  as  yet  acquired  the 
neceffary  knowledge  to  pronounce  affirmatively 
on  this  fubjeft,  though  it  is  moft  certainly 
of  fufficient  importance  to  merit  particular 
refearches.  The  fame  metal  when  cold  gives 
quite  different  refults  of  what  follows  an  ex- 
periment when  hot,  although  treated  in  the 
fame  manner.  Malleability  is  the  firfl:  mark 
of  du£lility  ; but  that  gives  only  one  imperfeft 
idea  of  the  point  to  which  dudlility  may 
extend ; nor  can  fimple  lead,  the  moft  mal- 
leable metal,  be  drawn  into  fuch  fine  threads 
as  gold,  or  even  as  iron,  which  is  the  leaft 
malleable.  Befides,  we  muft  affift  the  duc- 
tility of  metals  w ith  the  addition  of  fire, .with- 
out 
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out  which  they  become  brittle  : even  iron,  al- 
though the  moft  robuft,  is  brittle  like  the  reft. 
Thus  the  du£lility  of  one  metal,  and  the  ex- 
tent of  continuity  which  may  fupport  it,  de- 
pends not  only  on  its  denfity  and  fufibility,  but 
alfo  on  the  manner  and  fpace  in  which  it  is 
heated,  and  of  the  addition  of  heat  or  fire  which 
is  properly  given  to  it. 

II.  By  comparing  thofe  fubftances  we  term 
femi-metah  and  metallic  minerals,  which  want 
duftility,  we  fhall  perceive,  that  the  order  of 
their  denfity  is  emery,  zinc,  antimony,  and  blf- 
muth , and  that  in  which  they  receive  and  lofe 
heat,  is  antimony,  bifmuth,  zinc,  and  emery  ; 
and  W'hich  does  not  in  any  meafure  follow  the 
order  of  their  denfity,  but  rather  that  of  their 
fufibility.  Emery,  which  is  a ferruginous  mi- 
neral, although  as  denfe  again  as  bifmuth,  re- 
tains heat  longer.  Zinc,  which  is  lighter  than 
antimony  or  bifmuth,  retains  heat  longer  than 
either.  Antimony  and  bifmuth,  receive  and 
keep  it  nearly  alike.  There  is,  therefore,  femi- 
metals,  and  metallic  minerals,  w'hich,  like  me- 
tals, receive  and  lofe  heat  nearly  in  the  fame 
relation  as  that  of  their  fufibility,  and  partake 
very  little  of  their  denfity. 

Put  by  joining  the  fix  metals,  and  the  four 
ferai-metals,  or  metallic  minerals,  which  I have 
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tried,  we  fliall  find  tlie  order  of  the  dcnfities  of 
thefe  ten  mineral  fubfiances  to  be  tin,  emery, 
zinc,  antimony,  iron,  co[>per,  bifmulli,  filvcr, 
lead,  and  gold.  And  that  the  order  in  which 
thefe  fiibllances  heat  and  coul,  is  antimony, 
bifinnth,  tin,  lead,  (ilver,  zinc,  gold,  copper* 
emery,  and  iron,  in  which  there  are  two  things 
that  do  not  appear  to  pcrft£lly  agree  with  the 
order  of  fufibility. 

Firfi,  Antimony,  which,  according  to  New- 
ton, tliould  heat  and  cool  ilowerthan  lead,  fince 
by  his  experiments  it  requires  ten  degrees  of 
the  fame  heat  to  fnfc,  w hile  eight  is  fufficient 
for  lead^  whereas  by  my  experiments  antimony 
is  found  to  heat  and  cool  quicker  than  lead. 
But  it  fliould  be  obferved  that  Newton  made 
ufc  of  the  regiilus  of  antimony,  and  that  I 
employed  only  melted  antimony  in  my  expe- 
riments. Now  this  regulus  of  antimony,  or 
native  antimony,  is  much  more  difficult  to  fufe 
than  antimony  which  has  already  undergone  a 
firfi  fufion,  therefore  that  does  not  make  an  ex- 
ception to  the  rule.  On  the  whole,  I do  not 
know  what  relation  native  antimony,  or  regu- 
lus of  antimony,  may  have  with  the  other  mat- 
ters I have  heated  and  cooled  ; but  I prefume, 
after  the  experiments  of  Newton,  that  it  heats 
and  coolsdlowcr  than  lead. 
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Secondly,  it  is  pretended,  that  zinc  fufcs 
more  eafily  than  filver,  confequently  it  fhould 
be  found  before  fiver  in  the  order  indicated  by 
my  experiments,  if  this  order  was  in  all  cafes 
relative  to  that  of  fufibility ; and  I own  that  this 
femi- metal  feems,  at  the  firft  glance,  to  make 
an  exception  to  the  law  which  is  followed  by 
all  the  others;  but  it  mull  be  obferved,  that  the 
difference  given  by  my  experiments  between 
zinc  and  filver  is  very  trifling.  The  fmall 
globe  of  filver  which  I made  ufe  of  was  of  the 
pureft  filver,  without  the  lead:  mixture  of  cop- 
per ; but  I had  my  doubts  whether  that  of  zinc 
was  entirely  fiee  from  fufible  matters,  and, 
therefore,  after  all  my  experiments,  I returned 
the  globe  of  zinc  to  M.  Rouelle,  a celebrated 
profeflbr  ofchemiftry,  requefting  him  carefully 
to  examine  it,  which  having  done,  after  fe- 
veral  trials  he  found  a pretty  confiderable  quan- 
tity of  this  iron,  or  faffron  of  fteel,  therein. 

I have,  therefore,  had  the  fatisfatdion  to  fee 
that  not  only  my  fuppofition  was  well  founded, 
but  alfo  that  my  experiments  have  been  made 
with  fuflicient  prccifion  to  evince  a mixture. 
Thus  zinc  alfo  exadlly  follows  the  order  of 
fufibility,  like  the  othermetals  and  femi-metals, 
in  the  progrefs  of  heat,  and  does  not  make  any 
exception  to  the  rule.  It  cannot,  theicfore. 
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in  general  be  faid  that  the  progrefs  of  heat  in 
metals,  femi-metals,  and  metallic  minerals,  is 
in  the  fame  ratio,  or  even  nearly  to  that  of  their 
fufibility. 

III.  The  Vitrefcible  and  Vitreous  Matters, 
which  I tried,  being  ranged  according  to  their 
denfity,  are,  pumice-ftone,  rock-chryftal,  and 
gres,  for  1 muft  obferve,  that  although  chryftal 
is  not  fet  down  in  the  table  of  the  weight  of 
I each  matter  but  for  fix  drachms  22  grains,  it 
mufl  be  fiippofed  one  drachm  heavier,  becatife 
it  was  infenfibly  too  fmall  ; and  it  was  for  this 
reafon  that  I excluded  it  from  the  general  table 
of  relations  ; neverthelefs  as  the  general  refult 
agrees  with  the  reft,  I can  prefent  the  follow- 
ing as  the  order  in  which  thefe  different  fub- 
ftances  are  cooled  : 

Pumice-ftone,  oker,  porcelain,  clay,  glafs, 
chryftal,  and  gres,  is  according  to  that  of  their 
denfity,  for  the  oker  is  here  before  the  porcelain 
only  becaufe,  being  a fufible  matter,  it  dimi- 
nifhed  by  the  fridfion  it  underwent  in  the  ex- 
periments, and,  befides,  their  denfity  differs  fo 
little  that  they  may  be  looked  upon  as  equal. 

Thus  the  law  of  the  progrefs  of  heat  in 
vitrefcible  and  vitreous  matters  is  relative  to 
the  order  of  their  denfity,  and  has  little  or  no  re- 
lation with  their  fufibility  but  by  the  heat  re- 
quired 
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quired  to  fufe  thefe  fubftances  being  in  an 
almoft  equal  degree,  and  the  particular  degree 
of  their  different  fufibility  being  fo  near  each 
other  that  a compound  order  of  diftinft  terms 
cannot  be  made ; thus  their  almoft  equal  fufi- 
bility  making  only  one  term,  which  is  the  ex- 
treme of  this  order,  we  muft  not  be  aftonifhed 
that  the  progrefs  of  heat  here  follows  the  order 
of  denfity,  and  that  thefe  different  fubftances, 
which  are  all  equally  difficult  to  fufe,  heat  and 
cool  more  or  lefs  quick  in  proportion  to  the 
matter  they  contain. 

It  may  be  objedfed  that  glafs  fufes  more 
eafily  than  clay,  porcelain,  oker,  and  pumice- 
ftone,  which,  neverthelefs,  heat  and  cool  in 
lefs  time  than  glafs  ; but  the  obje£lion  will  fail 
when  we  refleft,  that  to  fufe  glafs  it  is  re- 
quifite  to  have  a very  fierce  fire,  the  heat  of 
which  is  fo  reptiote  from  the  degrees  which 
glafs  receives  in  our  experiments  on  refrigera- 
tion, that  it  cannot  have  any  influence  on  them. 
Befides,  by  powdering  clay,  porcelain,  and 
pumice-ftone,  and  by  giving  them  there  analo- 
gous fufers,  as  we  give  to  fand  to  convert  it 
into  glafs,  it  is  more  than  probable  that  we 
fhould  fufe  all  the  matters  in  the  fame  degree 
of  fire,  and  that,  confequently,  we  muft  look 
upon  it  as  equal,  or  almoft  equal,  with  their 
VOL.  X.  X refiftance 


154 


BUFFON  S 


refiftance  to  fufion  ; and  it  is  for  this  reafon 
that  the  law  of  the  progrefs  of  heat  , in  thefe 
matters  is  found  proportionable-  to  the  order  of 
their  denfity. 

'IV.  Calcareous  matters,  ranged  according 
to  the  order  of  their  denfity,  are,  chalk,  foft 
ftone,  hard  ftone,  common  marble,  and  white 
marble,  which  is  the  fame  as  that  of  their  den- 
fity. The  fufibility  does  not  enter  therein  as 
any  thing,  becaufe  it  immediately -requires  a 
very  great  degree  of  fire  to  calcine  them  ; and 
although  the  calcination  divides  the  parts,  we 
mull  look  upon  the  effeft  only  as  a firfl  degree 
and  not  as  a complete  fufion.  The  whole 
power  of  the  beft  burning  mirrors  is  fcarcely 
fufficient  to  perform  it.  I have  found  and  re- 
duced into  a kind  of  glafs  fome  of  thefe  calca- 
reous matters  ; and  I am  convinced  that  thefe 
matters  may,  like  all  the  reft,  be  reduced  ulte- 
riorly into  glafs,  without  employing  thereto 
any  fufing  matter,  and  only  by  the  force  of  a 
fire  fuperior  to  that  of  our  furnaces,  confe- 
quently  the  common  term  of  their  fufibility  is 
Hill  more  remote,  and  more  extreme,  than  that 
of  vitreous  matters,  and  it  is  for  this  reafon 
that  they  alfo  follow  more  exaftly  the  order  of 
denfity  in  the  progrefs  of  heat. 
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White  gypfum,  improperly  called  alabafter, 
is  a matter  which  calcines  like  all  other  plafters 
by  a more  moderate  heat  than  that  which  is  ne- 
celfary  for  the  calcination  of  calcareous  mat- 
ters, and  it  follows  the  order  of  denfity  in  the 
progrefs  of  heat  which  it  receives  or  lofes,  for 
although  much  more  denfe  than  chalk,  and 
a little  fo  than  white  calcareous  ftone,  it  heats 
and  cools  more  readily  than  either  of  thofe 
matters.  This  demonftrates  that  the  more  or 
lefs  eafy  calcination  and  fufion  produces  the 
fame  efte£ls  relatively  to  the  progrefs  of  heat. 
Gypfous  matters  do  not  require  fo  much  fire  to 
calcine  as  calcareous,  and  it  is  for  this  reafon 
that,  although  more  denfe,  they  heat  and  cool 
much  quicker. 

Thus  it  may  be  concluded,  that,  in  general, 
the  progrefs  f heat  in  all  Mineral  Suhjlances  is 
always  nearly  in  a ratio  of  greater  or  lefs  facility 
to  calcine,  or  meli:  but  when  their  calcination, 
or  their  fufion,  are  equally  difficult,  and  that  they 
require  a degree  of  extreme  heat,  then  the  pro- 
grefs of  extreme  heat  is  made  according  to  the  order 
of  their  denfity. 

I have  depofited  in  the  Royal  Cabinet,  the 
globes  of  gold,  filver,  and  of  all  the  other 
metallic  and  mineral  fubftances  which  ferved 
for  the  preceding  experiments,  that  if  the  truth 
X 2 of' 
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of  their  refults,  and  the  general  confequences 
■which  I have  deduced,  are  doubted,  there  may 
be  an  opportunity  of  rendering  them  more 
authentic. 


OBSERVATIONS  ON  THE  NATURE  OF  P LA  TINA. 


WE  have  already  obferved,  that  of  all  the 
Mineral  Subftances  we  fubjefted  to  trial,  thofe 
were  not  the  moft  denfe  which  required  the 
longeft  time  to  receive  and  lofe  heat.  Iron  and 
emery,  which  are  the  moft  difficult  matters  to 
fufe,  are,  at  the  fame  time,  thofe  that  heat  and 
cool  the  floweft.  There  is  nothing  except 
Platina  that  is  acceffible  to  heat,  and  which 
retains  it  longer  than  iron.  This  mineral, 
(which  has  not  long  been  publicly  mentioned) 
appears,  however,  to  be  more  difficult  to  fufe  ; 
the  fire  of  the  beft  furnaces  is  not  fierce  enough 
to  produce  that  effedl,  nor  even  to  agglutinate 
the  fmall  grains,  which  are  all  angular,  hard, 
and  fimilar  in  form  to  the  thick  fcale  of  iron, 
but  of  a yellowifti  colour;  and  although  we  can 
fufe  them  without  any  addition,  and  reduce 
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them  into  a mafs  by  a mirror,  platina  feems  to 
require  more  heat  than  the  ore  and  fcales  of  iron, 
■which  we  eafily  fufe  in  our  forge  furnaces. 
In  other  refpedls,  the  denfity  of  platina  being 
much  greater  than  that  of  iron,  the  two  quan- 
tities of  denfity  and  non-fufibility  unite  here  to 
render  this  matter  the  leaft  acceffible  to  the 
progrefs  of  heat.  I prefume,  therefore,  that 
platina  would  have  been  at  the  head  of  my  table 
if  I had  put  it  to  the  experiment  ; but  I was 
not  able  to  procure  a globe  of  it  of  an  inch  dia- 
meter, it  being  only  found  in  grains ; and  that 
which  is  in  the  mafs  is  not  pure,  it  being  ne- 
ceffary,  in  order  to  fufe  it,  to  mix  it  with  other 
matters,  which  alters  its  nature.  The  Comte 
de  Billardej-ie  d’Angivilliers,  who  often  at- 
tended my  experiments,  led  me  to  examine 
this  rare  metallic  fubllance,  not  yet  fufficiently 
known.  Chemifls  who  have  employed  their 
time  on  platina,  have  looked  upon  it  as  a new, 
perfect,  proper,  and  particular  metal,  different 
from  all  the  reft : they  have  afferted,  that  its 
fpecific  weight  was  nearly  equal  to  that  of  gold ; 
but  that  it  effentially  differed  in  other  refpects 
from  gold,  having  neither  dudlility  nor  fufibi- 
lity.  I own  I am  of  a quite  contrary  opinion ; 
becaufc  a matter  which  has  neither  du£lHity 
nor  fufibility,  cannot  rank  in  the  number 
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of  metals,  whofe  elTential  and  common  pro- 
perties are  to  be  du6Ule  and  fufible.  Neither, 
after  a very  careful  examination,  did  platina 
appear  to  me  a new  metal  different  from  every 
other,  but  rather  an  alloy  of  iron  and  gold 
formed  by  Nature,  in  which  the  quantity  of 
gold  predominated  over  the  iron,  and  1 found- 
ed this  opinion  on  the  following  fa£ls  : 

Of  8 ounces  35  grains  of  platina,  furnilhed 
me  by  Comte  d’Angivilliers,  which  I prefented 
to  a ftrong  loadftone,  there  remained  only  i 
ounce,  I dram,  and  98  grains,  all  the  reft  was 
taken  away  by  the  loadftone ; therefore,  nearly 
lix-fevenths  of  the  whole  was  attrafted  by  the 
loadftone,  which  is  fo  confiderable  a quantity, 
that  it  is  impoftible  to  fuppofe  that  iron  is  not 
contained  in  the  intimate  fubftance  of  platina, 
but  that  it  is  even  there  in  a very  great  quan- 
tity. I am  convinced  it  contains  much  more, 
for  if  I had  not  been  weary  of  thefe  experi- 
ments, which  took  me  up  feveral  days,  I ftiould 
have  attrafted  a great  part  of  the  remainder 
of  the  8 ounces  by  my  loadftone,  for  to  the 
laft  it  continued  to  draw  fome  grains  one  by 
one,  and  fometimes  two.  There  is,  therefore, 
much  iron  in  platina,  and  it  is  not  fimply 
mixed  therewith  as  a foreign  matter,  but  inti- 
mately united  and  making  part  of  its  fubftance  ; 
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or,  if  this  is  denied,  it  muft  be  fuppofed,  that 
there  exifts  a fecond  matter  in  Nature  which 
is  attraftable  like  iron  by  the  loadftone. 

All  the  platina  1 have  had  an  opportunity  to 
examine,  has  appeared  to  be  mixed  with  tw'o 
different  matters,  the  one  black,  and  very  at- 
tractable by  the  loadftone  ; the  other  in  larger 
grains,  of  a pale  yellow,  and  much  lefs  mag- 
netic than  the  firif.  Between  thefe  two  mat- 
ters, which  are  the  two  extremes,  are  found  all 
the  intermediate  links,  whether  with  refpect  to 
inagnetifm,  colour,  or  fize  of  the  grains. 
The  moft;  magnetic,  which  are  at  the  fame 
time  the  blackefl;  and  fmalleft,  reduce  eafily 
into  powder  by  a very  flight  friClion,  and  leave 
on  white  paper  the  fame  marks  as  lead.  Seven 
leaves  of  paper  which  were  fucceffively  made 
life  of  to  expofe  the  platina  to  the  aClion  of 
the  loadftone,  were  blackened  over  the  whole 
extent  occupied  by  it ; the  laft  left  lefs  than  the 
firff,  in  proportion  as  the  grains  which  remain- 
ed were  lei's  black  and  magnetic  ; the  largefl 
grains,  which  are  yellow,  and  leaft:  magnetic, 
inftead  of  crumbling  into  powder  like  the 
fmall  black  grains,  are  very  hard,  and  refift  all 
trituration  ; neverthelefs,  they  are  fufceptible 
of  extenfion  in  an  agate  mortar,  under  the 
reiterated  ftrokes  of  a peftle  of  the  fame  mat- 
ter, 
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ter,  and  I flattened  and  extended  many,  grains 
to  the  double  or  treble  extent  of  their  furface : 
this  part  of  platina  has,  therefore,  a certain  de- 
gree of  malleability  and  duftility,  whereas  the 
black  part  appears  to  be  neither  malleable  nor 
dudtile.  The  intermediate  grains  participate 
of  the  qualities  of  the  two  extremes  : they  are 
brittle  and  hard,  they  break  or  extend  under 
the  ftrokes  of  a peftle,  and  afford  a little  powder 
not  fo  black  as  the  firfl. 

Having  colledled  this  black  powder  and  the 
moft  magnetic  grains  that  theloadffone  had  the 
firft  attradfed,  I difcovered  that  the  whole  was 
iron,  but  in  a different  flate  from  common  iron. 
The  latter  reduced  into  powder  and  filings 
contra£ls  moifture,  and  rufls  very  readily  ; in 
proportion  as  the  rufl  increafes,  it  becomes  lefs 
magnetic,  and  abfolutely  lofes  this  magnetical 
quality  when  entirely  and  intimately  ruffed  ; 
whereas  this  iron  powder,  or  ferruginous  fand 
found  in  the  platina,  is  inaccefllble  to  rufl,  how 
long  foever  it  be  expofed  to  the  air  and  humi- 
dity ; it  is  alfo  more  infufible  and  much  lefs 
diflbluble  than  common  iron ; but  is,  neverthe- 
lefs,  an  iron  which  appears  to  differ  only  from 
common  iron  by  a greater  purity.  This  fand 
is,  in  fa6f,  iron  divefled  of  all  the  combuflible 
matter  and  terrene  parts  found  in  common  iron, 

and 
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and  even  in  fteel.  It  appears  endowed  and  co- 
vered with  a vitreous  varnifh  which  defends  it 
from  all  alteration.  What  is  very  remarkable, 
this  pure  iron  fand  does  not  exclufively  belong 
to  the  platina  ore  ; for  I have  found  it,  altho’ 
always  in  fmall  quantities,  in  many  partswhere 
the  iron  ore  has  been  dug  which  confumed  in 
my  forges.  As  I fubmitted  to  feveral  trials  all 
the  ores  I had,  before  I ufed  them  in  my  ex- 
periments, I was  furprifed  to  find  in  fome  of 
them,  which  were  in  grains,  particles  of  iron, 
fomewhat  rounded  and  fhining,  like  the  filings 
of  iron,  and  perfedtly  refembling  the  ferrugi- 
nous fand  of  the  platina;  they  were  all  as  mag- 
netic, all  as  little  fufible,  and  all  as  difficult 
of  folution.  Such  was  the  refult  of  the  com- 
parifon  I made  on  the  fand  of  platina,  and  of 
the  fand  found  in  both  my  iron  ores,  at  the 
depth  of  three  feet,  m earths  where  water  eafily 
penetrated.  I was  puzzled  to  conceive  froiti 
whence  thefe  particles  of  iron  could  proceed, 
how  they  had  been  defended  againft  ruft  for 
the  ages  they  were  expofed  to  the  humidity  of 
the  earth,  and  how  this  very  magnetical  iron 
might  have  been  produced  in  veins  of  mines, 
which  had  not  the  fmalleft  degree  of  that  qua- 
lity. I called  experience  to  my  aid  to  pro- 
cure fatisfadlion  on  thefe  points.  I was  well 
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convinced  that  none  of  our  iron  ores  in  grain 
were  tradable  by  the  loadftone,  and  well 
perfuaded  that  all  iron  ores,  which  are  mag- 
netical,  have  acquired  that  property  only  by 
the  adion  of  fire  : that  the  mines  of  the  north, 
which  are  fo  magnetical  as  to  be  fought  after 
by  the  compafs,  muft  owe  their  origin  to  fire, 
and  are  formed  by  the  means,  or  the  inter- 
medium of  water  ; from  which  I was  induced 
to  fuppofe  that  this  ferruginous  and  magnetic 
fand,  that  I found  in  a fmall  quantity  in  my 
iron  mines,  mufi;  owe  its  origin  to  fire,  and 
having  examined  the  place  I was  confirmed  in 
this  idea.  This  magnetical  fand  is  found  in  a 
wood,  where,  from  time  immemorial , they  have 
made,  and  fiill  continue  to  make,  coal  furnaces. 
It  is  likewife  more  than  probable  that  there 
were  formerly  confiderable  fires  here.  Coal 
and  burnt  wood  produce  Tron  drofs,  which  in- 
cludes the  mofl  fixed  parts  of  the  iron  that  ve- 
getables contain  ; it  js  this  fixed  irbn  which 
forms  the  fand  here  fpoken  of,  when  the  drofs 
is  decompofed  by  the  action  of  the  air,  fun,  and 
rain,  for  then  thefe  pure  iron  particles,  which 
are  not  fubjedl  to  ruft,  nor  to  any  other  kind  of 
alteration,  fiiffer  themfelves  to  be  carried  away 
by  the  water,  and  penetrate  with  it  feme  feet 
deep  into  the  earth.  What  I here  advance 
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may  be  verified  by  grinding  the  drofs  well 
burnt,  and  there  will  be  found  a fmall  quantity 
of  this  pure  iron,  which,  having  refifted  the 
aftion  of  the  fire,  equally  refills  that  of  the 
folvents,  and  does  not  ruft  at  all. 

Being  fatisfied  on  this  head,  and  having  fuf- 
ficiently  compared  the  fand  and  drofs  taken 
from  the  iron  ores  with  that  of  the  platina,  not 
to  doubt  of  their  identity,  it  was  not  long  before 
I was  led  to  conclude,  confidering  the  fpecifie 
gravity  of  platina,  that  if  this  pure  iron  fand, 
(proceeding  from  the  decompofition  of  drofs) 
inftead  of  being  in  an  iron  mine,  w'as  found 
near  to  a gold  one,  it  might,  by  uniting  wdth 
that  metal,  form  an  alloy  which  w'ould  be  ab- 
folutely  of  the  fame  nature  as  platina.  Gold 
and  iron  have  a great  affinity  ; and  it  is  well- 
known  that  moft  iron  mines  contain  a fmall 
quantity  of  gold  ; it  is  alfo  known  how  to  give 
to  gold  the  tint,  colour,  and  even  the  brittle- 
nefs  of  iron,  by  fufing  them  together.  This 
iron-coloured  gold  is  ufed  on  different  golden 
jewels  to  vary  the  colours  ; and  this  gold  mix- 
ed with  iron  is  more  or  lefs  grey,  and  more 
or  lefs  tempered,  according  to  the  quantity  of 
iron  which  enters  the  mixture.  Lhave  feen  it 
of  a tint  abfolutely  like  the  colour  of  platina  j 
and  having  enquired  of  a goldfmith  the  proper- 
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lion  of  gold  and  iron  therein,  he  informed  me, 
that  in  a piece  of  24  carats  there  were  no  more 
than  18  gold,  confequently  a fourth  part  was 
iron,  which  is  nearly  the  proportion  found  in 
the  natural  platina,  if  we  judge  of  it  by  the 
fpecific  weight ; and  this  gold  made  with  iron  is 
harder  and  fpecifically  lefs  weighty  than  pure 
gold.  All  thefe  agreements  and  common  qua- 
lities with  platina,  have  perfuaded  me,  that  this 
pretended  metal  is,  in  fadt,  only  an  alloy  of 
gold  and  iron,  and  not  a particular  fubftance, 
a new  and  perfedl  metal  different  from  every 
6ther,  as  chemifts  have  advanced. 

It  is  well  known  that  alloy  makes  all  metals 
brittle,  and  that  when  there  is  a penetration, 
that  is,  an  augmentation  in  the  fpecific  gravity, 
the  alloy  is  fo  much  the  more  tempered  as  the 
penetration  is  the  greater,  and  the  mixture  be- 
comes the  more  intimate,  as  is  perceived  in  the 
alloy  called  hell-metal.,  although  it  be  compofed 
of  tw'o  very  dudlile  metals.  Now  nothing  is 
more  tempered,  nor  heavier,  than  platina,  which 
alone  ought  to  make  us  conclude  that  it  is  only 
an  alloy  made  by  Nature,  a mixture  of  iron 
?nd  gold,  owing  in  part  its  fpecific  gravity  to 
this  laft,  andi,  perhaps,  alfo,  in  a great  part,  to 
the  penetration  of  the  two  matters  of  which  it 
is  compofed. 
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As  this  matter,  heated  alone  and  without 
any  addition,  is  very  difficult  to  reduce  into  a 
mafs,  as  by  the  fire  of  a burning  mirror  v/e  can 
obtain  only  very  fmall  maffes,  and  as  the  hydro-  , 
ftatical  experiments  made  on  fmall  volumes 
are  fo  defe£live,  that  we  cannot  conclude  any 
thing  therefrom,  it  appears  to  me  that  the  che- 
mifts  have  been  deceived  in  their  eftimation 
of  the  fpecific  gravity  of  this  mineral.  I put 
fome  powder  of  gold  in  a little  quill,  which  I 
weighed  very  cxa£lly  : I put  In  the  fame  quill 
an  equal  volume  of  platina,  and  it  xveighed 
nearly  a tenth  lefs ; but  this  gold  powder  w^as 
much  too  fine  in  comparifon  of  the  platina. 
M.  Tillet,  who,  befides  a profound  knowledge 
of  metals,  poffefied  the  talent  of  making  expe- 
riments with  the  greateft  precifion,  repeated, 
at  my  requeft,  this  upon  the  fpecific  weight  of 
platina,  compared  to  pure  gold  j for  this  pur- 
pofe,  he,  like  me,  made  ufe  of  a quill,  and  cut 
gold  of  24  carats,  reduced  as  much  as  poffiblc 
to  the  fize  of  the  grains  of  platina,  and  he 
found,  by  eight  experiments,  that  the  weight 
of  platina  differed  from  that  of  pure  gold  very 
near  a fifteenth;  but  we  both  obferved  that  the 
grains  of  gold  had  much  fharper  angles  than 
the  platina  : all  the  angles  of  the  latter  were 
blunt,  and  even  foft,  whereas  the  grains  of  this 
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gold  had  (harp  and  cutting  angles,  fo  that  they 
could  not  adjufl  thenifelves,  nor  heap  one  on 
the  other  as  eafily  as  thofe  of  platina.  The 
gold  powder  I had  before  made  ufe  of  was 
fuch  as  is  found  in  river  fand,  whofe  grains 
adjuft  themfelves  much  better  one  againfl;  the 
other,  and  I found  about  a tenth  difference  be- 
tween the  fpecific  weight  of  thofe  and  platina  ; 
neverthelefs,  thofe  are  not  pure  gold,  more  than 
two  or  three  carats  being  often  wanting,  which 
mufl:  diminifh  the  fpecific  weight  in  the  fame 
relation.  Thus  we  have  thought  we  might 
maintain,  from  the  refult  of  my  experiments, 
that  platina  in  grains, 'and  fuch  as  Nature  pro- 
duces it,  is,  at  lead:,  an  eleventh,  or  twelfth, 
lighter  than  gold.  There  is  every  appearance 
that  the  error,  on  the  denfity  of  platina,  pro- 
ceeded from  its  not  having  been  weighed  in  its 
natural  date,  but  only  after  it  had  been  re- 
duced into  a mafs;  and  as  this  fufion  cannot  be 
made  but  by  the  addition  of  other  matters,  and 
a very  fierce  fire,  it  is  no  longer  pure  platina, 
but  acompofition  in  which  fufing  matters  are 
entered,  and  from  which  fire  has  taken  the 
lighted  parts. 

Platina,  therefore,  indead  ofbeingofanalmod 
equal  denfity  to  that  of  pure  gold,  as  has  been 
a'fcrted,  is  only  a denfity  between  that  of  gold 
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and  iron,  and  only  nearer  this  firfl;  metal  than 
the  laft.  For  fuppofing  that  the  cube  foot  of 
gold  weighed  13261b.  and  that  of  iron  280,  that 
of  platina  in  grains  will  be  found  to  weigh 
about  11941b.  which  fuppofes  more  than  | of 
gold  to  I of  iron  in  this  alloy,  if  there  is  no 
penetration  ; but  as  we  extracl  y by  the  load- 
ftone,  it  might  be  thought,  that  there  is  more 
than  I iron  therein  ; efpecially  as  by  conti- 
nuing this  experiment,  I am  perfuaded,  we 
fhould  be  able,  with  a ftrong  loadftone  to  bring 
away  all  the  platina  even  to  the  laft  grain. 
Neverthelefs,  we  muft  not  conclude  that  iron 
is  contained  therein  in  fo  great  a quantity  ; for 
when  it  is  mixed  by  the  fufion  with  gold,  the 
mafs  which  refults  from  this  alloy  is  attradlable 
by  the  loadftone,  although  the  iron  is  in  no 
great  quantity  therein.  M.  Baume  had  a piece 
of  this  alloy  weighing  66  grains,  in  which  was 
only  entered  6 grains,  that  is,  yy  of  iron,  and 
this  button  was  eafily  taken  up  by  the  load- 
ftone. Hence  the  platina  might  poflibly  con- 
tain only  yy  iron,  or  yy  gold,  and  yet  be  at- 
trafted  entirely  by  the  loadftone-;  and  this  per- 
fe£lly  agrees  with  the  fpecific  weight  which  js 
yV  lefs  than  gold. 

But  what  makes  me  prefume,  that  platina 
contains  more  than  yy  of  iron,  or  yy  of  gold, 
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is,  that  the  alloy  from  this  proportion  is  ftlll  of 
the  gold  colour,  and  much  yellower  than  the 
higheft  coloured  platina,  and  that  | iron,  or  | 
gold  is  requifite  for  the  alloy  to  be  precifely 
of  the  natural  colour  of  platina.  I am,  there- 
fore, greatly  inclined  to  think  that  there  might 
poffibly  be  this  quantity  of  | iron  in  platina. 
We  were  affured  by  many  experiments,  that 
the  fand  of  this  pure  iron  which  contained 
platina,  is  heavier  than  the  filings  of  common 
iron.  Thus,  this  caufe,  added  to  the  effedl 
of  penetration,  is  fufficient  for  the  reafon  of 
this  great  quantity  of  iron  contained  under  the 
fmall  volume  indicated  by  the  fpecific  weight 
of  platina. 

On  the  whole,  it  is  very  pofllble  that  1 am 
deceived  in  fome  of  the  Confequences  which  [ 
have  drawn  from  my  obfervations  on  this 
metallic  fubftance  ; 1 have  not  been  able 

to  make  fo  profound  an  examination  as  I 
could  wifli ; what-  I fay  is  only  what  I have 
obferved,  and  may  perhaps  ferve  for  better  in- 
fpeftions. 

Chance  led  me  to  tell  my  Ideas  to  Comte  de 
Milly,  who  declared  himfelf  nearly  of  my  opi- 
nion. I gave  him  the  preceding  remarks  to 
infpefl,  and  two  days  after  he  favoured  me 
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with  the  following  obfervations,  and  which  he 
has  permitted  me  to  publilh. 

“ I weighed  exaftly  thirty-fix  grains  of  pla- 
tina;  I laid  them  on  a fheet  of  white  paper  that 
I might  obferve  them  the  better  with  a loiip. 
I perceived  three  different  fubftances  ; the  firft 
had  the  metallic  liiftre,  and  was  the  mofi;  abun- 
dant ; the  fecond,  drawing  a little  on  the  black, 
pretty  well  refembled  a ferruginous  metallic 
matter,  which  could  undergo  aconfiderable  de^ 
gree  of  fire,  fuch  as  the  fcoria  of  iron,  vulgarly 
cA\tA  machefer : the  third  lefs  abundant  than 
the  two  firft,  i.  e.  fand,  where  the  yellow,  or 
topaz  colour,  is  the  moft  predominant.  Each 
grain  of  fand,  confidered  feparate,  offered  to  the 
■fight  regular  chryftals  of  different  colours.  I 
remarked  fome  in  an  hexagon  form,  terminat- 
ing in  pyramids  like  rock  chryftal  ; and  this 
fand  feems  to  be  no  other  than  a detritus  of 
chryftal,  or  quartz  of  different  colours. 

“ I refolved  on  feparating,  as  exadlly  as  pof- 
fible,  thefe  different  fubftances  by  means  of  the 
loadftone,  and  to  put  afide  the  parts  moft  at- 
tractable by  the  loadftone,  from  thefe  which 
were  lefs,  and  both  from  thofe  which  were  m t 
foat  all ; then  to  examine  each  fubftance  par- 
ticularly, and  to  fubmit  them  to  different  che- 
mical and  mechanical  heats. 
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“ I feparated  thefe  parts  of  the  platina  which 
•were  brifkly  attratSed  at  the  diftance  of  two  or 
three  lines  ; that  is  to  fay,  without  the  contaft 
of  the  loadftone ; and  for  this  experiment  I 
made  ufe  of  a good  faflitious  magnet ; I after- 
wards touched  the  metal  with  this  magnet,  and 
carried  off  all  that  would  yield  to  the  magnetical 
force.  Being  fcarcely  any  longer  attradlable, 
I weighed  what  remained,  and  w'hith  I lhall 
call  No.  4,  weighed  twenty-four  grains;  No.  i, 
which  was  the  moft  fenfible  to  the  magnet, 
weighed  four  grains;  No.  2 weighed  the  fame; 
and  No.  3 five  grains. 

“ No.  I.  examined  by  the  loup,  prefented 
only  a mixture  of  metallic  parts,  a white  fand 
bordering  on  the  greyifh,  flat  and  round,  or 
black  vitriform  fand,  refembling  pounded  fco- 
ria,  in  which  very  rufty  parts  are  perceptible  : 
in  (hort,  fuch  as  the  fcoria  of  iron  prefenls 
after  having  been  expofed  to  moifture. 

“ No.  2 prefented  nearly  the  fame,  except- 
ing that  the  metallic  parts  predominated,  and 
that  there  were  very  few  rufty  particles. 

“ No.  3 was  the  fame,  but  the  metallic  parts 
were  more  voluminous ; they  refembled  melted 
metal  which  had  been  thrown  into  water  to  be 
granulate;d  ; they  were  flat,  and  of  all  forts  of 
figures,  rounded  on  the  corners. 
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No.  4,  which  had  not  been  carried  ofF  by 
the  magnet  (but  fome  parts  of  which  ftill  af- 
forded marks  of  fenfibility  to  magnetifm,  when 
the  magnet  was  moved  under  the  paper  where 
they  were  in),  was  a mixture  of  fand,  metallic 
parts,  and  real  fcoria,  friable  between  the  fin- 
gers, and  which  blackened  in  the  fame  manner 
as  common  fcoria.  The  fand  feemed  to  be 
compofed  of  fmall  rock,  topaz,  and  cornelian 
chryftals.  I broke  fome  on  a fteel,  and  the 
powder  was  like  varnifh  reduced  into  powder  ; 
I did  the  fame  to  the  fcoria ; it  broke  with  the 
greateft  facility,  and  prefented  a black  powder 
which  blackened  the  paper  like  the  common, 

“ The  metallic  parts  of  this  laft  (No.  4)  ap- 
peared more  ductile  under  the  hammer  than 
thofe  of  No.  I,  which  made  me  imagine  they 
contained  lefs  iron  than  the  firfi; : from  whence 
it  follows,  that  platinamay  pofiibly  be  no  more 
than  a mixture  of  iron  and  gold  made  by  Na- 
ture, or  perhaps  by  the  hands  of  men. 

“ I endeavoured  to  examine,  by  every  poflible 
means,  the  nature  of  platina : to  aflure  nayfelf  of 
the  prefence  of  iron  of  platina  by  chemicalmeans, 
I took  No.  I,  which  was  very  attradable  by  the 
magnet,  and  No  4,  which  was  not ; I fprinkled 
them  with  fuming  fpirit  of  nitre  ; I immedi- 
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atcly  obfervcd  it  with  the  microfcope,  but  per- 
ceived no  cfFervefcence:  I added  diitilled  water 
thereon,  and  it  hill  made  no  motion,  but  the 
metallic  parts  acquired  new  brilliancy,  like  fil- 
ver  : I let  this  mixture  reft  for  five  or  fix  mi- 
nutes, and  having  ftill  added  water,  I threw 
fome  drops  of  alkaline  liquor  faturatcd  with  the 
colouring  matter  of  Pruftian  blue,  and  a very 
fine  Pruftian  blue  was  afforded  me  on  the  firft. 

“ No.  4,  treated  in  the  fame  manner,  gave 
the  fame  refult.  There  are  two  things  very 
fingular  to  remark  in  thefe  experiments  ; firft, 
That  it  paftTes  current  among  chemifts  who 
have  treated  on  the  platina,  that  aquafortis,  or 
fpirit  of  nitre,  has  no  adlion  on  it.  Yet,  as  I 
have  juft  obferved,  it  diftblves  it  fufficiently, 
though  without  effervefcence,  to  afford  Pruftian 
blue,  when  we  add  the  alkaline  liquor  phlogif- 
ticated  and  faturated  with  the  colouring  mat- 
ter, which,  as  is  known,  precipitates  iron  into 
Pruftian  blue. 

“ Platina,  which  is  not  fenfible  to  the  mag- 
net, does  not  contain  lefs  iron,  fince  fpirits  of 
nitre  dilfolves  it  enough  and  without  effervef- 
cence to  make  Pruftian  blue.  From  whence  it 
follows,  that  this  fubftance  which  the  modern 
chemifts,  perhaps  too  greedy  of  the  marvellous, 
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and  willing  to  give  fomething  novel,  have  con- 
fidered  as  a ninth  metal,  may  poffibly  be  only  a 
mixture  of  gold  and  iron. 

Without  doubt  there  ftill  requires  many 
experiments  to  determine  how  this  mixture  has 
taken  place,  if  it  is  the  work  of  Nature  or  the 
efFe£ts  of  fome  volcano,  or  fimply  the  produce 
of  the  Spaniards  labours  in  the  New  World  to 
acquire  gold  in  the  mines  of  Peru. 

“ If  we  rub  platina  on  white  linen  it  blackens 
it  like  common  fcoria,  which  made  me  fufpe£l: 
that  it  is  the  parts  of  iron  reduced  into  fcoria 
found  in  this  platina  which  gives  it  this  colour, 
and  which  feem,  in  this  ftate,  only  to  have 
tried  the  adfion  of  a violent  fire.  Befides, 
having  a fecond  time  examined  platina  with 
my  loup,  I perceived  therein  different  globules 
of  running  mercury,  which  made  me  fuppofe 
that  platina  might  be  the  produce  of  the  hands 
of  man,  in  the  following  manner  : — Platina,  as 
I have  been  told,  is  taken  out  of  the  oldeft 
mines  in  Peru,  which  the  Spaniards  explored 
after  the  conqueft  of  the  New  World.  In 
thofe  dark  times  only  two  methods  were  known 
of  extrafling  gold  from  the  fands  which  con- 
tained it  ; firft,  by  an  amelgama  with  mercury  \ 
fecondly,  by  drying  it.  The  golden  fand  was 
rubbed  with  quickfilver,  and  when  that  was 
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judged  to  be  loaded  with  the  grcateft  part  of  the 
gold,  the  fand  w'as  thrown  away,  which  was 
named  craJJ’e,  as  ufelefs  and  of  no  value. 

“ This  method  was  made  with  very  little 
judgment;  to  extradl  it  they  began  by  exciting 
auriferous  metals  by  means  of  fulphur,  which 
has  no  a£lion  on  gold,  the  fpecific  weight  being 
greater  than  that  of  other  metals  ; but  to  faci- 
litate its  precipitation  iron  was  added,  which 
loaded  itfelf  with  the  fuperabundant  fulphur, 
and  this  method  is  ftill  followed.  The  force 
of  fire  vitrifies  one  part  of  the  iron,  the  other 
combines  itfelf  with  a fmall  portion  of  thegold, 
or  even  filver,  which  mixes  with  the  fcoria, 
from  whence  it  cannot  be  drawn  but  by  firong 
fufions,  and  being  well  inftrucled  in  the  fuitablc 
intermediums  which  are  made  ufe  of.  Che- 
miftry,  which  is  now  arrived  to  great  perfec- 
tion, affords,  in  fa£l,  means  to  extradl;  the 
greateft  part  of  this  gold  and  filver  : but  at  the 
time  when  the  Spaniards  explored  the  mines  of 
Peru,  they  were,  doubtlefs,  ignorant  of  the  art 
of  mining  with  the  greateft  profit ; befides, 
they  had  fuch  great  riches  at  their  difpofal  that 
they,  probably,  negledled  the  means  which 
•would  have  coft  them  trouble,  care,  and  time  ; 
therefore  there  is  much  reafon  to  conclude  that 
they  contented  themfelves  with  a firft  fufion, 
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and  threw  away  the  fcoria  asufelefs,  as  well  as 
the  fand  which  had  efcaped  the  quickfilver,  and 
perhaps  they  made  a mere  heap  of  thefe  two 
mixtures,  which  they  regarded  as  of  no  value. 

“ Their  fcoria  contained  gold  and  much 
iron  under  different  (fates,  and  that  in  different 
proportions  unknown  to  us,  but  which,  per- 
haps, are  thofe  that  gave  origin  to  the  platina. 
The  globules  of  quickfilver,  which  I haveob- 
ferved,  and  thofe  of  gold,  which  I have  diftincl- 
ly  feen,  with  the  alliftance  of  a good  loup, 
in  the  platina  I had  in  my  hands,  have  given 
birth  to  the  ideas  which  1 have  written  on  the 
origin  of  this  mineral;  but  I only  give  them  as 
hazardous  conjedfures.  To  acquire  fome  cer- 
tainty we  muft  be  precifely  where  the  platina 
mines  are  fituated,  and  examine  if  they  have 
been  anciently  explored,  whether  it  is  extradled 
from  a new  foil,  or  if  the  mines  are  only  rub- 
bifh,  and  to  what  depth  they  are  found ; and, 
laflly,  if  they  have  any  appearance  of  being 
placed  by  the  hands  of  man  there  or  not,  which 
alone  can  verify  or  deffroy  the  conjedfures  I 
have  advanced.” 

Thefe  obfervations  of  Comte  de  Mllly  con- 
firm mine  in  almofl  every  point.  Nature  is  the 
fame,  and  prefents  herfelf  always  the  fame  to 
thofe  who  know  how'  to  obferve  her : thus  we 
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muft  not  be  furprized  that,  without  any  com- 
munication, we  obferved  the  fame  things,  and 
deduced  the  fame  confequence  therefrom  ; that 
platina  is  not  a new  metal,  different  from  every 
other,  but  a mixture  of  iron  and  gold.  To  re- 
concile his  obfervations  ftill  more  with  mine, 
and  to  enlighten,  at  the  fame  time,  the  doubts 
which  remain  on  the  origin  and  formation  of 
platina,  I have  thought  it  neceffary  to  add  the 
following  remarks  : 

I.  The  Comte  de  Milly  diftinguifhes  three 
kinds  of  matters  in  platina,  namely,  two  metal- 
lic, and  the  third  non-metallic,  of  a chryftal- 
line  form  and  fubftance.  He  obferved,  as  well 
as  me,  that  one  of  the  metallic  matters  is  very 
attra£lable  by  the  magnet,  and  the  other  but 
little,  or  not  at  all . I mentioned  thefe  two  mat- 
ters as  well  as  him,  but  I did  not  fpeak  of  the 
third,  which  is  not  metallic,  becaufe  there  was 
none,  or  very  little,  in  the  platina  on  which  I 
have  made  my  obfervations.  There  is  an  ap- 
pearance that  the  platina  which  the  Comte 
made  ufe  of  was  not  fo  pure  as  mine,  which  I 
obferved  with  the  greatefl:  care,  and  in  which  I 
faw  only  fome  fmall  tranfparent  globules,  like 
white  melted  glafs,  which  were  united  to  the 
particles  of  platina,  or  ferruginous  fand,  and 
which  were  carried  any  where  by  the  magnet. 
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Thefe  tranfparent  globules  were  very  few,  and 
in  eight  ounces  of  platina,  which  we  narrowly 
infpe£led  with  a very  ftrong  loup,  we  never 
perceived  regular  chryftals.  It  rather  appeared 
to  me  that  all  the  tranfparent  particles  were  glo- 
bulous,  like  melted  glafs,  and  all  attached  to 
metallic  parts;  neverthelefs, as  I did  not  In  the 
leaft  doubt  of  the  veracity  of  Comte  de  Milly’s 
obfervation,  who  obferved  chryftalline  particles 
of  a regular  form,  and  in  a great  number,  in 
his  platina,  I thought  I ought  not  to  confine 
myfelf  folely  to  the  examination  of  that  platina 
of  which  I have  fpoken  ; and  finding  fome  in 
the  king’s  cabinet,  M.  Daubenton  and  I exa- 
mined it  together  : this  appeared  to  be  much 
lefs  pure  than  that  we  had  before  made  our 
experiments  on  ; and  in  it  we  remarked  a 
great  number  of  fmall  prifmatic  and  tranfparent 
chryftals,  fome  of  a ruby  colour,  others  of  a 
topaz,  and  others  perfeftly  white,  which  con- 
vinced us  of  the  corredfnefs  of  the  Comte 
de  Milly  in  his  obfervations  ; but  this  only 
proves  that  there  are  fome  mines  of  platina 
much  more  pure  than  others,  and  that  in  thofe 
which  are  the  moft  fo  none  of  thefe  foreign  bo- 
dies are  found.  M.  Daubenton  alfo  remark- 
ed fome  grains  flat  at  bottom  and  rough  at  top, 
like'  melted  metal  cooled  on  a plain,  and  I 
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very  diftin£Hy  faw  one  of  thefe  hemifpherical 
grains,  which  might  indicate  that  platina  is  a 
matter  that  has  been  melted  by  the  fire  ; but  it 
is  very  fingular,  that  in  this  matter,  if  melted 
by  fire,  fmall  chryflals,  topaz,  and  rubies,  are 
found;  and  I do  not  know  whether  we  ought 
not  to  fufpe£l  fraud  in  thofe  who  fupplied  this 
platina,  who,  to  increafe  the  quantity,  mixed  it 
with  thefe  chryftalline  fands,  for  I never  met 
with  thefe  chryftals  but  in  one  half  pound  of 
platina,  given  me  by  the  Comte  de  Angivilliers. 

■ 2.  I,  as  well  as  Comte  de  Milly,  found  gold 

fand  in  platina ; it  is  readily  difeovered  by  its  co- 
lour, and  becaufe  it  is  not  magnctical  ; but  I 
own  that  I never  perceived  the  globules  of  mer- 
cury which  he  ftates  to  have  done  ; but  I do 
not  mean  from  thence  to  deny  their  exiftence, 
only  that  it  appears  to  me  that  the  fand  of  gold 
meeting  with  the  globules  of  mercury,  in  the 
fame  matter,  they  might  be  foon  amalgamated, 
and  not  retain  the  colour  of  gold,  which  I have 
remarked  in  all  the  gold  fand  that  I could  find 
in  half  a pound  of  platina  ; befides,  the  tranf- 
parent  globules,  w'hich  I have  juft  fpoken  of, 
refemble  greatly  the  globules  of  live  and  ftiin- 
ing  mercury,  infomucli  that  at  the  firft  glance 
it  is  eafy  to  be  deceived  therein. 


3.  There 


NATURAL  HISTORY.  179 

3.  There  were  by  no  means  fo  many  tar- 
uiflied  and  rufty  parts  in  my  firft  platina  as  in 
that  of  Comte  de  Milly’s,  nor  was  it  properly  a 
rufl:  which  covered  the  furface  of  thofe  ferru- 
ginous particles,  but  a black  fubftance  produc- 
ed by  fire,  and  perfectly  fimilar  to  that  which  - 
covers  the  furface  of  burnt  iron.  But  my  fe- 
cond  platina,  that  which  I had  from  the  royal 
cabinet,  had  a mixture  of  fome  ferruginous 
parts,  which  under  the  hammer  were  reduced' 
into  a yellow  powder,  and  had  all  the  charafters 
of  ruft.  Therefore  this  platina  of  the  royal  ca- 
binet, and  that  of  Comte  de  Milly,  refembling 
in  every  refpedf,  it  is  probable  that  they  pro- 
ceeded from  the  fame  part,  and  by  the  fame 
road.  I even  fufpe£l  that  both  had  been  fo- 
phifticated  and  mixed  above  half  with  foreign 
chryftalline  and  ferruginous  rufty  matters, 
which  are  not  met  with  in  the  natural  platina. 

4.  The'produdlion  of  Pruflian  blue  by  pla- 
tina, appears  evidently  to  prove  the  prefence  of 
iron  in  thofe  parts  of  this  mineral,  W’hich  are 
the  leaft  attradlable  by  the  magnet,  and  at  the 
fame  time  confirms  what  I have  advanced  on 
the  intimate  mixture  of  iron  in  its  fubftance. 
The  flowing  of  platina  by  fpirits  of  nitre,  alfo 
proves  that,  although  it  has  no  fenfible  effervef- 
cence,  this  acid  altratfts  the  platina  in  an  evident 
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manner;  and  the  authors,  who  have  affcrted  the 
contrary,  have  followed  their  common  track, 
which  confifts  on  looking  on  all  adlions  as  null 
which  do  not  produce  an  effervefcence.  Thefe 
fecond  experiments  of  the  Comte  de  Milly, 
would  appear  very  important,  if  they  fucceed- 
ed  always  alike.  < 

5.  We  muft  however  admit  that,  in  fa£t, 
many  elTential  matters  are  wanting  to  pro- 
nounce affirmatively  on  the  origin  of  platina. 
We  know  nothing  of  the  natural  hiftory  of  this 
mineral,  and  we  cannot  too  greatly  exhort  thofc 
who  are  inclined  to  examine  it  on  the  fpot, 
to  make  known  their  obfervations  ; and  until 
that  is  done  we  muft  confine  ourfelves  to  con- 
jeftures,  fome  of  which  appear  only  more  pro- 
bable than  others.  For  example,  I do  not 
imagine  platina  to  be  the  work  of  man.  The 
Mexicans  and  Peruvians  knew  how  to  force 
and  work  gold  before  the  arrival  of  the  Spa- 
niards, and  they  were  not  acquainted  with  iron, 
which  neverthelefs  they  muft  have  employed  in 
a great  quantity.  The  Spaniards  therafelves 
did  not  cftablifti  furnaces  to  fufe  iron  in  this 
country,  when  they  firft  inhabited  it.  There 
is,  therefore,  every  reafon  to  conclude,  that 
they  did  not  make  ufe  of  the  filings  of  iron 
for  the  reparation  of  gold,  at  leaft  in  the  be- 
ginning 
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ginning  of  their  labours,  which  does  not  go 
above  two  centuries  and  a half  back  ; a time 
much  too  fhort  for  fo  plentiful  a produtlion  as 
platina,  which  is  found  in  large  quantities  in 
many  places. 

Befides,  when  gold  is  mixed  with  iron,  by 
fufing  them  together,  we  may  always,  by  che- 
miftry,  feparate  them,  and  extradl  the  gold  : 
whereas,  hitherto  chemifts  have  not  been  able 
to  make  this  reparation  in  platina,  nor  deter- 
mine the  quantity  of  gold  contained  in  this 
mineral.  This  feems  to  prove,  that  gold  is 
united  therewith  in  a more  intimate  manner 
than  the  common  alloy,  and  that  iron  is  alfo 
therein,  in  different  ftate  from  that  of  common 
iron.  Platina,  therefore,  appears  to  me  to  be 
the  produdlion  of  nature,  and,  I am  greatly  in- 
clined to  think,  that  it  owes  its  firft  origin  to 
the  fire  of  Volcanos.  Burnt  iron,  intimately 
united  with  gold  by  fublimation,  or  fufion, 
may  have  produced  this  mineral,  which  having 
been  at  firft  formed  by  the  action  of  the  fiercett 
fire,  will  afterwards  have  felt  the  impreftions 
of  water,  and  the  reiterated  frictions,  which 
have  given  it  the  form  of  blunt  angles.  But 
w'ater  alone  might  have  produced  the  platina  ; 
for  fuppofing  gold  and  iron  divided  as  much  as 
poftible  by  the  humid  mode,  their  molecules, 
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. by  uniting,  will  have  formed  the  grains  which 
compofe  it,  and  which  from  the  heavieft  to  the 
lighteft  contain  gold  and  iron  ; the  propofition 
of  the  chemift  who  offers  to  render  nearly  as 
much  gold  as  they  fliall  furnifli  him  w’ith  pla- 
lina,  feems  to  indicate,  that  there,  in  fa£l,  is 
only  yV  of  iron  to  yV  of  gold  in  this  mineral, 
or  poflibly  lefs.  But  the  nearly  of  this  chemift 
is  probably  a fifth,  or  a fourth,  and,  indeed, 
if  he  could  realize  his  promife  to  a fourth,  it 
would  be  doing  a great  deal,  and  no  vain 
boaft. 

Being  at  Dijon  the  fummer  of  1773,  the 
Academy  of  Sciences  and  Belles  Lettres  cx- 
prefted  a defire  of  hearing  my  obfervations  on 
platina  ; and  having  complied,  M.  de  Mortcau 
took  the  refolution  of  making  fome  experi- 
ments on  this  Mineral  ; for  which  purpofe  I 
gave  him  a portion  of  that  I had  attradfed  by 
the  loadftone,  and  alfo  fome  which  I had  found 
infenfible  to  raagnetifm,  requefting  him  to  ex- 
pofe  it  to  the  ftrongeft  fire  he  could  pollibly 
make.  Some  time  after,  he  fent  me  the  fol- 
lowing experiments  which  he  was  pleafed  to 
fubjoin  to  mine. 

“ Monfieur  the  Comte  de  Buffon,  in  a jour- 
ney to  Dijon,  the  fummer  of  1773,  having 
caufed  me  to  remark  in  half  a dram  of  platina, 
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■which  M.  de  Baume  had  fent  him  in  1768, 
grains  in  form  of  buttons,  others  flatter,  and 
fome  black  and  fcaly  , and  having  feparated  by 
the  loadftone  thofe  which  were  attracflable 
from  thofe  which  appeared  not  fo,  I tried  to 
form  Pruflian  blue  with  both.  I fprinkled  the 
fuming  nitrous  acid  on  the  non-attra£lable 
parts,  which  weighed  grains.  Six  hours 
after  I put  diflilled  water  on  the  acid,  and 
fprinkled  alkaline  liquor,  faturated  with  a co- 
louring matter  ; however  there  w^s  not  a Angle 
atom  of  blue,  the  platina  had  only  a little  more 
brightnefs.  I alike  fprinkled  the  fuming  acid 
on  the  remaining  platina,  part  of  which  was 
attradable,  the  fame  PrulAan  alkali  precipi- 
tated a blue  feculency,  which  covered  the  bot- 
tom of  a pretty  large  bafon.  The  platina,  after 
this  operation,  Ihevvedlike  the  firft.  I wafhed 
and  dried  it,  and  found  it  had  not  loft  | of  a 
grain,  or^-y -g-  part ; having  examined  it  in  this 
ftate  I perceived  a grain  of  beautiful  yellow, 
which  was  pure  gold. 

“ M.  de  Fourcy  had  newly  publilhed,  that 
the  diflblution  of  gold  was  thrown  down  in  a 
blue  precipitate  by  the  Pruflian  alkali,  and  had 
placed  this  circumftance  in  a table  of  affinity  ; 
I was  tempted  to  repeat  this  experiment,  and 
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fprinkled,  in  confequence  thereof,  the  phlogif- 
ticated  alkaline  liquor  in  the  dilTolution  of 
gold,  but  the  colour  of  this  dilTolution  did  not 
change;  which  made  me  fufpefl:  that  the  dilTo- 
lution  of  gold,  made  ufe  of  by  M.  de  Fourcy, 
might  poflibly  have  not  been  fo  pure. 

“ At  the  fame  time  the  Comte  de  BufFon 
having  given  me  a fufficient  quantity  of  platina 
to  make  further  affays,  I undertook  to  feparate 
it  from  all  foreign  bodies  by  a good  font  ; and 
I have  here  fubjoinedthe  procelfes  and  refults, 
which  I. met  with. 

EXPERIMENTS. 

“ I." Having  put  a drachm  of  platina,  in  a 
cupel,  into  a furnace,  I kept  up  the  fire  two 
hours,  when  the  covers  funk  down,  the  fup- 
porters  having  run,  neverthelefs  the  platina  was 
only  agglutinated  ; it  ftuck  to  the  cupel,  and 
had  left  fpots  of  a rufty  colour.  The  platina 
w'as  then  tarnilhed  even  a little  black,  and  had 
only  augmented  a grain  of  weight  ; a quantity 
very  weak  in  comparifon  with  that  which  other 
chemifts  have'obferved.  What  furprifed  me 
ftill  more  was,  that  this  drachm  of  platina,  as 
well  as  all  that  I ufed  for  other  experiments, 
had  been  fuccelTively  carried  away  by  the  load- 
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(tone,  and  made  a portion  of  y of  eight  ounces, 
of  which  the  Comte  de  Buifon  has  before 
fpoken. 

“ 1 (.  Half  a drachm  of  the  fame  platina,  ex- 
pofed  to  the  fame  fire  in  a cupel,  was  alfo  ag- 
glutinated; it  adhered  to  the  cupel,  on  which  it 
had  left  fpots  of  a rufty  colour  ; the  augmenta- 
tion of  weight  was  found  to  be  nearly  in  the 
fame  proportion,  and  the  furface  as  black. 

“ III.  I put  this  half  drachm  into  a new 
cupel,  but  inftead  of  the  cover  I placed  over  it  a 
leaden  crucible.  This  I kept  in  the  moft  ex- 
treme heat  for  four  hours  ; when  it  was  coole'd 
I found  the  crucible  foldered  to  the  fupport, 
and  having  broken  it  I perceived  that  nothing 
had  penetrated  into  the  internal'  part  of  the 
crucible,  which  appeared  to  be  only  more 
glolfy  than  before.  The  cupel  had  preferved 
its  form  and  pofition,  it  was  a little  cracked, 
but  not  enough  to  admit  of  any  penetration  ; 
the  platina  was  alfo  not  adherent  to  it,  though 
agglutinated,  but  in  a much  more  intimate 
manner  than  in  the  firft  experiments  ; the 
grains  were  lefs  angular,  the  colour  more  clear, 
and  the  brilliancy  more  metallic.  But  what 
was  moft  remarkable  during  the  operation, 
there  ilTued  from  its  furface,  probably  in  the 
firft  moments  of  its  refrigeration,  three  drops 
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of  water,  one  of  which,  that  arofe  pcrfe£lly 
fpherical,  was  carried  up  on  a fmall  pedicle  of 
the  vitreous  and  tranfparent  matter.  It  was  of 
an  uniform  colour,  with  a flight  tint  of  red, 
which  did  not  deprive  it  of  any  tranfparcncy  ; 
the  fmalleftof  the  other  two  drops  had  likewife 
a pedicle,  and  the  other  none,  but  was  only  at- 
tached to  the  platina  by  its  external  furface.” 
“IV.  I endeavoured  to  affay  the  platina, 
and  for  that  intent  put  a drachm  of  the  grains 
taken  up  by  the  loadftone  into  a cupel,  with 
two  drachms  of  lead.  After  having  kept  up 
a very  ftrong  fire  for  two  hours  I found  an  ad- 
herent button,  covered  with  a ycllowifli  and 
fpungeous  cruft  of  two  drachms  twelve  grains 
weight,  which  announces  that  the  platina  had 
retained  one  drachm  twelve  grains  of  lead.  I 
put  this  button  into  another  cupel  in  the  fame 
furnace,  obferving  to  turn  it,  by  which  it  only 
loft  twelve  grains  in  two  hours  ; its  colour  and 
form  were  very  little  changed.  The  fame 
piece  of  platina  was  put  into  Macquer’s  fur- 
nace, and  a fire  kept  up  for  three  hours,  when 
I was  obliged  to  take  it  out,  becaufe  the  bricks 
began  to  run.  The  platina  was  become  more 
metallic,  but  it,  neverthelefs,  adhered  to  the 
cupel,  and  this  time  it  loft  34  grains.  I threw 
it  into  the  fuming  nitrous  acid  to  aflay  it,  and 
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there  arifing  a little  elFervefcence,  I added  dif- 
tilled  water  thereon.  The  platina  loft  two 
grains,  and  I remarked  fome  fmall  holes,  like 
thofe  which  its  flying  off  might  occafion. 

“ There  then  remained  only  22  grains  of 
lead  in  the  platina.  I began  to  form  a hope  of 
vitrifying  this  remaining  portion  of  lead,  for 
which  purpofe  I put  the  fame  piece  of  platina 
into  a new  cupel,  and  by  the  care  I took  for 
the  admilTion  of  air,  and  other  precautions,  the 
activity  of  the  fire  was  fo  greatly  augmented 
that  it  required  a fupply  every  eleven  minutes  ; 
to  this  degree  of  heat  we  kept  it  for  four  hours, 
and  then  permitted  it  to  cool. 

“ I perceived  the  next  morning  that  the 
leaden  crucible  had  refifted,  and  that  the  fup- 
porters  were  only  glazed  by  the  cinders.  I 
found  a piece  in  the  cupel,  no  way  adherent,  of 
an  uniform  colour,  approaching  more  the  colour 
of  tin  than  any  other  metal,  but  only  a little 
ragged.  It  weighed  exadlly  one  drachm.  All, 
therefore,  announced  that  this  platina  had  en- 
dured a perfedl  fufion,  and  that  it  was  perfedlly 
pure,  for  if  we  fuppofe  it  ftill  contained  lead, 
we  muft  then  admit  that  dt  had  loft  exacftly  as 
much  of  its  own  fubftance  as  it  had  gained  of 
foreign  matter;  and  fuch  a precifion  cannot  be 
the  effedf  of  pure  chance. 
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“ I pafTed  feveral  days  with  M.  BufFon, 
whofe  company  has  the  fame  charms  as  his 
flyle,  and  whofe  converfation  is  as  complete  as 
his  books:  I took  a plpafnre  in  prefenting  him 
with  the  produdlion  of  my  aifays ; we  examined 
them  together,  and  obferved,  Firft,  that  the 
drachm  of  platina,  agglutinated  by  thefe  ex- 
periments, was  not  attraflable  by  the  load- 
flone  ; that,  neverthelefs,  the  magnetical  bar 
had  an  a£lion  on  the  grains  that  were  loofened 
from  it. 

“ 2.  The  half  drachm  of  the  third  experi- 
ment was  not  only  attradlable  in  the  mafs,  but 
the  grains  of  gold  feparated  therefrom,  did  not 
themfelves  give  any  fign  of  magnetifm. 

“ 3.  The  platina  of  the  fourth  experiment 
was  abfolutely  infenfible  to  the  loadflone. 

“ 4.  The  fpecific  weight  of  this  piece  wasde- 
termined  by  a good  hydroftatical  balance,  and 
for  the  greater  certainty,  compared  to  coined, 
and  to  other  very  pure  gold,  ufed  by  M.  BufFon 
in  his  experiments,  their  denfity  was  found, 
with  water,  in  which  they  were  plunged, 

Pure  gold  - 19  V 

Coin  gold  - 17  I 
Platina  - 14 1- 

“ 5-  This  piece  of  platina  was  put  upon 
flecl  to  try  its  duftibility ; it  fupported  the  ham- 


mer 


NATURAL  HISTORY.  iS^ 

raer  very  well  for  a few  ftrokes ; its  furface 
became  flat  and  even,  a little  fmooth  in  the  parts 
which  were  ftruck,  but  it  fplit  foon  after,  and 
nearly  a fixth  part  feparated.  The  fradlure 
prefented  many  cavities,  fome  of  which  had  the 
whitenefs  and  brilliancy  of  filver,  and  in  others 
we  remarked  feveral  points  like  chryflaliza- 
tion  ; the  tops  of  thefe  points  examined  with 
the  loop,  was  a globule  abfolutely  fimilar  to 
that  of  the  third  experiment.  All  the  other 
parts  of  this  piece  of  platina  were  compadl,  the 
grain  finer  and  clofer  than  the  beft  brafs,  wliich 
it  refenabled  in  colour.  We  offered  feveral  of 
thefe  pieces  to  the  loadftone,  but  not  one  was 
attrailed  thereby.  We  powdered  them  again 
in  an  agate  mortar,  and  then  remarked  that  the 
magnetical  bar  raifed  up  fome  of  the  fmalleft 
every  time  they  were  placed  under  it. 

“ This  new  appearance  of  magnetifm  was 
fomuch  the  more  furprifing,  as  the  grains  were 
detached  from  the  agglutinated  mafs  of  the  fe- 
cond  experiment,  which  feemed  to  have  loft  all 
fenftbility  at  the  approach  and  contadl  of  the 
loadftone.  In  confequence  we  again  took  fome 
of  thefe  grains,  which  were  alike  powdered,  and 
foon  perceived  the  fmalleft  parts  fenfibly  at- 
tach themfelves  to  the  magnetic  bar.  It  is  im- 
poflible  to  attribute  this  cffeft  to  the  fmooth- 
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nefs  of  the  bar,  or  to  any  other  caufe  foreign  to 
magnetlfm.  A piece  of  fmooth  iron,  applied 
in  the  fame  manner  on  the  parts  of  thisplatina, 
did  not  raife  up  a fingle  grain. 

“ By  thefe  experiments,  and  the  obferva- 
tionswhich  havearifen therefrom, we  mayjudge 
of  the  difficulty  of  determining  the  nature  of 
platina.  It  is  very  certain  that  it  contains  fome 
parts  which  are  vitiifiable  even  without  the  ad- 
dition of  a fierce  fire  ; it  is  alfo  certain  that  all 
platina  contains  iron  and  attra£lable  parts;  but 
if  the  Pruflian  alkali  never  affords  blue  but  with 
the  grains  which  the  loadfione  attrafls,  we 
fliould  conclude,  that  thofe  which  refill  it  are 
pure  platina,  which  of  itfclf  has  no  magnetical 
virtue,  and  of  which  iron  does  not  make  an  ef- 
fential  part.  We  mull  fuppofc  that  a fuffi- 
cient  fufion,  or  perfe£lcOpellation  might  decide 
this  qnellion  ; at  Icall,  thefe  operations  appear 
to  have,  in  fa6l,  deprived  it  of  every  magnetic 
virtue,  by  feparating  it  from  all  foreign  bo- 
dies ; but  the  lall  obfervatibn  proves,  in  an  in- 
controvertible manner,  that  this  magnetic  pro- 
perty was,  in  reality,  only  weakened,  and  per- 
haps malked  or  buried,  fince  it  re-appeared 
when  it  was  ground.” 

From  thefe  experiments  of  M.  de  Morteau 
there  refults,  i.  That  we  may  expedl  platina 

to 
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to  be  melted  without  addition,  by  applying  the 
fire  to  it  feveral  times  fucceffively,  becaufe  the 
beft  crucibles  might  not  refill  the  adlion  of  fo 
fierce  a fire  during  the  whole  time  as  the  com- 
plete operation  would  require. 

2.  That  by  melting  it  with  lead,  and  alTay- 
ing  them  feveral  times,  we  fhould  in  the  end  vi- 
trify all  the  lead  and  the  platina  and  that  this 
experiment  would  be  able  to  purge  it  from  a 
part  of  the  foreign  matters  it  contains. 

3.  That  by  melting  it- without  any  addition, 
it  feems  to  purge  itfelf  partly  into  the  vitrefcible 
matters  it  includes,  fince  it  emits  to  its  furface 
fmall  drops  of  glafs  which  form  pretty  conft- 
derable  maffes,  and  that  we  can  eafijy  feparate 
them  after  refrigeration. 

4.  That  by  making  experiments  onPrufiian 
blue  with  the  grains  of  platina,  which  appeared 
to  be  mod  infenfible  to  the  loadflone,  we  were 
not  always  certain  of  obtaining  it,  a circum- 
ftance  which  never  fails  with  grains  that  have 
more  or  lefs  fenfibility  to  magnetifm. 

5.  It  appears  that  neither  fufion  nor  cupella- 
tion  can  deftroy  all  the  iron  with  which  platina 
is  intimately  penetrated  the  pieces  melted  or 
aflayed,  appeared,  in  reality,  equally  as  fenfible 
to  the  a£lion  of  the  loadftone ; but,  having 
pounded  them  in  a mortar,  we  found  magnet  ical 
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parts  ; fo  much  the  more  abundant  as  the  pla- 
tina  was  reduced  into  a finer  powder.  The  firft 
piece,  whofe  grains  were  only  agglutinated, 
being  ground,  rendered  many  more  magnetical 
parts  than  the  fccond  and  third,  the  grains  of 
which  had  undergone  a fironger  fufion  ; but, 
neverthelefs,  being  both  ground,  they  furnifhed 
magnetical  parts  ; infomuch  that  it  cannot  be 
doubted  that  there  is  iron  in  platina,  after  it 
has  undergone  the  fiercefl  efforts  of  fire,  and  the 
devouring  adions  of  the  heat  in  the  cupel. 
This  denionftrates,  that  this  mineral  is  really 
an  intimate  mixture  of  gold  and  iron,  which 
hitherto  art  has  not  been  able  to  feparatc. 

6.  We  made  another  obfervation  with  M. 
Morteau  on  melted,  and  afterwards  on  ground 
platina  ; namely,  that  it  takes  in  grinding  pre- 
cifely  the  fame  form  as  it  had  before  it  had  been 
melted;  all  the  grains  of  this  melted  and  ground 
platina  are  fimilar  to  thofe  of  the  natural,  as 
well  in  form,  as  variety  of  fize  ; and  they  ap- 
pear to  differ  only  becaufe  the  fmalleft  alone 
fuffer  themfelves  to  be  raifed  by  the  loadftone, 
and  in  fo  much  the  lefs  quantity  as  the  platina 
has  endured  the  fire.  This  feems  alfo  to  prove, 
that,  although  the  fire  has  been  ftrong  enough 
not  only  to  burn  and  vitrify,  but  even  to  drive 
rtf  a part  of  the  iron  with  other  vitrefciblc 
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matter  which  it  contains ; the  fufion,  neverthe- 
lefs,  is  not  fo  complete  as  that  of  other  perfeft 
metals,  fince,  in  grinding,  it  retakes  the  fame 
figure  as  it  had  before  fufion. 


EXPERIMENTS  ON  LIGHT,  AND  ON ^ 
THE  HEAT  IT  MAT  PRODUCE. 


INVENTION  OF  MIRRORS  TO  BURN  AT  GREAT 
DISTANCES. 


THE  ftory  of  the  burning  glafles  of  Archi- 
medes is  famous  ; he  is  faid  to  have  invented 
them  for  the  defence  of  his  country  ; and  ac- 
cording to  the  ancients,  he  refledded  the  fire  of 
the  fun  with  fuch  force  on  the  enemy’s  fleet, 
as  to  reduce  them  into  allies  on  their  approach- 
ing the  ramparts  of  Syracufe.  But  this  ftory, 
of  which  no  doubt  was  made  for  fifteen  or 
fixteen  centuries,  has  been  contradidded  and 
treated  as  fabulous  in  thefe  latter  ages.  Def- 
cartes,  in  amafterly  manner,  has  attacked  this 
talent  attributed  to  Archimedes  ; he  has  denied 
the  polfibility  of  the -invention,  and  his  opinion 
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has  prevailed  over  the  teftimonies  and  credit  of 
the  ancients.  Modern  phyficians,  either  thro’ 
a refpeft  for  their  philofopher,  or  thro’  com- 
plaifance  for  their  cotemporaries,  have  given 
in  to  the  fame  opinion.  Nothing  is  allowed 
to  the  ancients  but  what  cannot  be  avoided. 
Determined,  perhaps,  by  thefe  motives,  of 
which  felf-love  too  often  is  the  abettor,  have 
■wx  not  naturally  too  much  inclination  to  refufc 
what  is  due  to  our  predecelTors  ? and  if,  in  our 
time,  more  is  refufed  than  was  in  any  other,  is 
it  not  that  by  being  more  enlightened,  we 
think  we  have  more  right  to  fame,  and  more 
pretenfions  to  fuperiority  ? 

Be  that  as  it  may,  this  invention  was  the 
caufe  of  many  other  difcoveries  of  antiquity 
at  prefent  vanifhed,  becaufe  the  facility  of 
denying  them  has  been  preferred  to  the  trouble 
of  finding  them  out ; and  the  burning-glafies  of 
Archimedes  have  been  fo  decried,  that  it  does 
not  appear  polTible  to  re-eftablifli  the  repu- 
tation; for,  to  call  the  judgment  of  Defcartes 
in  queftion,  fomething  more  is  required  than 
alfertions,  and  there  only  remained  one  fure 
decifive  mode,  but  at  the  fame  time,  diffi- 
cult and  bold,  which  was  to  undertake  to 
difcover  glafles  that  might  produce  the  like 
effedts. 


Though 
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Though  I had  conceived  the  idea,  I was  for 
•a  long  time  deterred  from  ^making  the  experi- 
ment by  the  dread  of  the  difficulty  which  might 
attend  it ; at  length,  however,  I determined  to 
fearch  after  the  mode  of  making  mirrors  to 
burn  at  a great  diftance,  as  from  100  to  300 
feet.  I knew,  in  general,  that  the  power  of 
refledling  mirrors,  never  extended  farther  than 
15  or  20  feet,  and  with  refringent,  the  diftance 
was  ftill  fhoiter  ; and  I perceived  it  was  im- 
poffible  by  pradlice  to  form  a metal,  or  glafs 
mirror  v/ith  fuch  exadlnefs  as  to  burn  at  thefe 
great  diftances.  To  have  fufficient  power  for 
that,  the  fphere,  for  example,  muft  be  800 
feet  diameter  ; therefore,  we  could  hope  for 
nothing  of  that  kind  in  the  common  mode  of 
working  glafies  ; and  I foon  perceived  that  if 
we  could  find  a new  method  to  give  to  large 
pieces  of  glafs,  or  metal,  a curve  fufficiently 
fright,  there  would  ftill  refult  but  a very  incon- 
fiderable  advantage. 

But  to  proceed  regularly,  it  was  necelTary 
firft  to  fee  how  much  light  the  fun  lofes  by 
refledtion  at  different  diftances,  and  what  are 
the  matters  which  refledl  it  the  ftrongeft ; I 
firft  found,  that  glaffes  w'hen  they  are  polifhed 
with  care,  reflect  the  light  more  powerfully 
than  the  belt  polifhed  metals,  and  even  better 
C c 2 than 


196 


buffon’s 


than  the  compounded  metal  with  which  tele- 
fcope  mirrors  are  made ; and  that  although 
there  are  two  rcfledlions  in  the  glades,  they 
yet  give  a brighter  and  more  clear  light  than 
metal.  Secondly,  by  receiving  the  light  of 
the  fun  in  a dark  place,  and  by  comparing  it 
with  this  light  of  the  fun  refledled  by  a glafs,  I 
found,  that  at  fmall  diftances,  as  four  or  five 
feet,  it  only  loft  about  half  by  refledlipn, 
which  I judged  by  letting  a fecond  reflefted 
light  fall  on  the  firft  ; for  the  brifknefs  of  thefe 
two  reflefted  lights  appeared  to  be  equal  to 
that  of  dire6l  light.  Thirdly,  having  received 
at  the  diftances  of  too,  2co,  and  300  feet, 
this  light  refle£led  by  great  glades,  I per- 
ceived that  it  did  not  lofe  any  of  its  ftrength 
by  the  thicknefs  of  the  air  it  had  to  pafs 
through. 

I afterwards  tried  the  fame  experiments  on 
the  light  of  candles,  and  to  adiire  myfelf  more 
exaftly  of  the  quantity  of  weaknefs  that  re- 
fiedlion  caufes  to  this  light,  I made  the  follow'- 
ing  experiments : 

I feated  myfelf  oppofite  a glafs  mirror  with 
a book  in  my  hand,  in  a room  where  the  dark- 
nefs  of  the  night  would  not  permit  me  to  dif- 
tinguilh  a fingle  obje£l.  In  an  adjoining  room 
I had  a lighted  candle  placed  at  about  feet 
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diftance  ; this  I approached  nearer  and  nearer, 
till  I could  read  the  hook,  when  the  diftance 
was  about  24  feet.  Afterwards  turning  the 
book,  I endeavoured  to  read  by  the  reflefl'ed 
light,  having  by  a parchment  intercepted  the 
part  of  tbe  light  which  did  not  fall  on  the 
mirror,  in  order  to  have  only  the  reflefled 
light  on  my  book.  To  do  fo  I was  obliged  to 
approach  the  candle  nearer,  which  I did  by 
degrees,  till  I could  read  the  fame  charadters 
clearly  by  the  fame  light,  and  then  thediflance 
from  the  candle,  comprehending  that  of  the 
book  to  the  mirror,  which  was  only  half  a 
foot,  I found  to  be  in  all  15  feet.  I repeated 
this  feveral  times,  and  had  always  nearly  the 
famg  refults  ; from  whence  I concluded,  that 
the  ftrength,  or  quantity,  of  dired  light  is  to 
that  of  refle£l;ed  light,  as  576  to  225  ; there- 
fore, the  light  of  five  candles  refledled  by  a 
flat  glafs,  is  nearly  equal  to  that  of  the  dire£l; 
light  of  two. 

The  light  of  a candle,  therefore,  lofes  more 
by  reflexion  than  the  light  of  the  fun  ; and 
this  difference  proceeds  from  the  rays  of  the 
former  falling  more  obliquely  on  the  mirror 
than  the  rays  of  the  fun,  which  come  almofl 
parallel.  The  experiment  confirms  what  I had 
at  firft  found,  and  I hold  it  certain,  that  the 
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light  of  the  fun  lofes  only  half  by  its  refit ftion 
on  a glafs  mirror. 

This  firfl;  information,  of  which  I had  need, 
being  acquired,  I afterwards  fought  what  be- 
came of  the  images  of  the  fun  when  received 
at  great  difianccs.  To  be  perfcdlly  underftood 
we  muff  not,  as  is  generally  done,  confider  tl.c 
rays  of  the  fun  as  parallel  ; and  it  muft  alfo  be 
remembered,  that  the  body  of  the  fun  occupies 
an  extent  of  about  32  minutes  ; that  the  rays, 
which  iffue  from  the  upper  edge  of  the  difk, 
falling  on  a point  of  a refle£ling  furface,  the 
rays,  which  ilfue  from  the  lower  edge,  falling 
alfo  on  the  fame  point  of  this  furface,  they 
form  between  them  an  angle  of  32  minutes  in 
the  incidence,  and  afterwards  in  the  refiec^ion, 
and  that, confequently,  the  image  muft  incrcafe 
in  fize,  in  proportion  as  it  is  farther  diftant. 
Attention  muft  likewife  be  paid  to  the  figure 
of  thofe  images  ; for  example,  a plain  fquare 
glafs  of  half  a foot,  expofed  to  the  rays  of  the 
fun,  will  form  a fquare  image  of  fix  inches, 
when  this  image  is  received  at  thediftance  of  a 
few  feet ; by  removing  farther  and  farther  off, 
the  image  is  feen  to  increafe,  afterwards  to  be- 
come deformed,  then  round,  in  which  ftate  it 
remains  ftill  increafing  in  fize,  in  proportion 
as  we  are  more  diftant  from  the  mirror.  This 

image 
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image  is  compofed  of  as  many  of  the  fun’s  difks 
as  there  are  phyfical  points  in  the  refle£Ung 
furface  ; the  middle  point  forms  an  image  of 
the  dilk,  the  adjoining  points  form  the  like, 
and  of  the  fame  fize,  which  exceed  a little  the 
middle  dilk : it  is  the  fame  with  the  other 
points,  and  the  image  is  compofed  of  an  infi- 
nity of  dilks,  which  furmounting  regularly, 
and  anticipating  circularly  one  over  the  other, 
form  the  refledled  image,  of  which  the  middle 
point  of  the  glafs  is  the  centre. 

If  the  image  compofed  of  all  thefe  dilks  is 
received  at  a fmall  diftance,  then  their  extent 
being  fomewhat  larger  than  that  of  the  glafs, 
this  image  is  of  the  fame  figure,  and  nearly  of 
the  fame  extent  as  the  glafs  ; but  when  the 
image  is  received  at  a great  diftance  from  the 
glafs,  where  the  extent  of  the  dilks  is  much 
greater  than  that  of  the  glafs,  the  image  no 
longer  retains  the  fame  figure  as  the  glafs,  but 
becomes  neceftarily  circular.  To  find  the 
point  of  diftance  where  the  image  lofes  its 
fquare  figure,  we  have  only  to  feek  for  the  dif- 
tance where  the  glafs  appears  under  an  angle 
equal  to  that  the  fan  forms  to  our  fight,  i.  e. 
an  angle  of  32  minutes,  and  this  diftance  will 
be  that  where  the  image  will  lofc  its  fquare 
figure,  and  become  round,  for  the  difks  having 
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always  an  equal  line  to  the  femi-circle,  •which 
meafures  an  angle  of  32  minutes  for  a diame- 
ter, we  fliall  find  by  this  rule  that  a fquare  glafs 
of  fix  inches  lofes  its  fquare  figure  at  the  dif- 
tance  of  about  60  feet,  and  that  a glafs  of  a 
foot  fquare  lofes  it  at  120  feet,  and  fo  on  of 
the  reft. 

By  refle£ting  a little  on  this  theory  we  fhall 
no  longer  be  afloni filed  to  find,  that  at  very  great 
difiances  a large  and  fmall  glafs  afford  nearly  an 
image  of  the  fame  fize,  and  which  only  differs 
by  the  intenfity  of  the  light ; we  fhall  no  longer 
be  furprifed  that  a round,  fquare,  long,  or  tri- 
angular glafs,  or  any  other  figure,  always  yields 
round  images*;  and  we  fiiall  evidently  fee  that 
images  do  not  increafe  and  leffen  by  the  dif- 
perfion  of  light,  or  by  any  lofs  in  pafiiug  thro* 
the  air,  as  fome  phyficians  have  imagined;  but 
that,  on  the  contrary,  it  is  only  occafioned  by 
the  augmentation  of  the  difks,  which  always 
occupy  a fpace  of  32  minutes  to  whatever  dif- 
tance  they  are  removed. 

So,  likewife,  we  fhall  be  convinced,  by  the 
expofition  of  this  theory,  that  curves,  of  what- 
foever  kind  they  be,  cannot  be  ufed  with  ad- 
vantage 

* This  is  the  reafon  that  the  fmall  images,  which  pafs  be- 
twixt the  leaves  of  high  and  full  trees,  and  which  falling  on  the 
walks,  are  all  oval  or  round. 
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vantage  to  burn  at  a great  diftance,  becaufe  the 
diameter  of  the  focus  can  never  be  fmaller  than 
the  chord  which  meafures  an  angle  of  32  mi- 
nutes, and  that,  confequently,  the  moil  perfect 
concave  mirror,  whofe  diameter  is  equal  to  this 
chbrd,  will  never  produce  double  the  efFedl  of 
a plain  mirror  of  the  fame  furface  ; and  if  the 
diameter  of  a curved  mirror  was  lefs  than  the 
chord,  it  would  fcarcely  have  more  effedl  than  a 
plain  mirror  of  the  fame  furface. 

When  I had  well  confidered  the  above  I had 
no  longer  a doubt  that  Archimedes  could  not 
burn  at  a diftance  but  with  plain  mirrors,  for, 
independent  of  the  impoflibility  they  then  felt, 
and  which  we  feel  at  prefent,  of  making  con- 
cave mirrors  with  fo  large  a focus,  I perceived 
that  the  refledlion  I have  juft  made  could  not 
have  efcaped  this  great  mathematician.  Befides, 
according  to  every  appearance,  the  ancients  did 
not  know  how  to  make  large  mafles  of  glafs  ; 
they  were  ignorant  of  the  art  of  burning  it  to 
make  large  glafles,  poflefting  only  the  method 
of  blowing  it,  and  making  bottles  and  vafee  ; 
from  which  confideration  I was  led  to  con- 
clude, that  it  was  with  plain  mirrors  of  polifhed 
metals,  and  by  the  refledlions  of  the  fun,  that 
Archimedes  had  been  enabled  to  burn  at  a dif- 
tance. But  as  I perceived  that  glafs  mirrors 
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reflected  the  light  more  powerfully  than  the 
moft  polifhed  mirrors,  I thought  to  conftruft  a 
machine  to  coincide  in  the  fame  point  the  re- 
fie£l;cd  images  by  a great  number  of  thefe  plain 
glalfes,  being  well  convinced  that  this  was  the 
foie  mode  of  fucceeding. 

Neverthelefs,  1 had  ftill  fome  doubts  re-  • 
maining,  which  appeared  to  me  well  founded. 
For  fuppofing  the  burning  diftance  to  be  240 
feet,  I perceived  clearly  that  the  focus  of  my 
mirror  could  not  have  a lefs  than  two  feet  dia- 
meter ; in  which  cafe  what  would  be  the  ex- 
tent I fhould  be  obliged  to  give  to  my  alfemblage 
of  plain  mirrors  to  produce  a fire  in  fo  great  a 
focus  ? It  might  be  fo  great  that  the  thing 
would  be  impracticable  In  the  execution,  for 
by  comparing  the  diameter  of  the  focus  to  the 
diameter  of  the  mirror,  in  the  bed:  reflecting 
mirrors,  I obferved,  that  the  diameter  of  the 
Academy’s  mirror,  which  is  three  feet,  was 
108  times  bigger  than  its  focus,  which  was  no 
more  than  four  lines,  and  I concluded,  that  to 
burn  as  ftrong  at  2.;o  feet  it  was  neceflary  that 
my  aflTemblage  of  mirrors  fhould  be  216  feet 
diameter  to  have  a focus  of  two  feet  ; now  a 
mirror  of  216  feet  diameter  was  certainly  an 
impoflible  thing. 


This 
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This  mirror  of  three  feet  diameter  burnt 
ftrong  enough  to  melt  gold,  and  I was  defirous 
to  fee  how  much  I fhould  gain  by  reducing  its 
aftion  to  the  burning  of  wood.  For  this  pur- 
pofe  I ufed  circular  zones  of  paper  on  the  mir- 
rors to  diminifh  the  diameter,  and  1 found  that 
there  was  no  longer  power  enough  to  inflame 
dry  wood  when  its  diameter  was  reduced  to 
little  more  than  four  inches  ; therefore  taking 
five  inches,  or  fixty  lines,  for  the  diameter  ne- 
ceflary  to  burn  with  a focus  of  four  lines,  it 
appeared,  that  to  burn  equally  at  240  feet, 
where  the  focus  fhould  neceflarily  have  two 
feet  diameter,  I fhould  require  a mirror  of  30 
feet  diameter,  which  appeared  flill  as  impof- 
fible,  or  at  leaft  imprafticable. 

To  fuch  pofitive  conclufions,  and  which 
others  would  have  regarded  as  demonftrations 
of  the  impoflTibility  of  the  mirror,  I had  only  a 
fuppofition  to  oppofe  ; an  old  fuppofition,  on 
which  the  more  I had  reflefted  the  more  I was 
perfuaded  that  it  was  not  without  foundation  ; 
namely,  that  the  effedfs  of  heat  might  poflibly 
not  be  in  proportion  to  the  quantity  of  light, 
or,  what  amounts  to  the  fame,  that  aMh^  equal 
intenfity  of  light  large  focufes  mufi:  burn 
brilker  than  the  fmall.  • 
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By  eftimating  heat  mathematically,  it  is  not 
to  be  doubted  but  that  the  power  of  a focus  of 
the  fame  length  is  in  proportion  to  the  furface 
of  the  mirror.  A mirror,  whofe  furface  isdouble 
that  of  another,  mud  have  the  fame  fized  fo- 
cus, and  this  focus  mufl:  contain  double  the 
quantity  of  light  which  the  firfl  contained;  and 
in  the  fuppofition,  that  elFefls  are  always  in 
proportion  to  their  caufcs,  it  had  always  been 
thought  that  the  heat  of  this  fecond  focus  fhould 
be  double  that  of  the  firft. 

So  likewife,  and  by  the  fame  mathematical 
eftimation,  it  has  always  been  thought,  that  at 
an  equal  intenfity  of  light,  a fmall  fociis  ought 
to  burn  as  much  as  a large  one,  and  that  the 
cfFedl  of  the  heat  ought  to  be  in  proportion  to 
this  intenfity  of  light : infomuch  (fays  Def- 
cartcs)  that  g^ajffes,  or  extremely  fmall  mirrors, 
viay  be  made,  which  will  burn  with  as  much  vio- 
lence as  the  large.  I at  firft  thought  that  this 
conclufion,  drawn  from  mathematical  theory, 
might  be  found  falfe  in  the  pradlice,  becaufe 
heat  being  a phyfical  quality,  of  the  a61ion 
and  propagation  of  which  we  know  not  the 
laws,  jt  feemed  to  me,  that  there  was  fome 
kind  of  temerity  to  eftimate  thus  effects  by  a 
' fimple  fpcculation. 
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I had,  therefore,  once  more  recoiirfe  to  ex- 
periments. I took  metal  mirrors  of  different 
focufes  and  different  degrees  of  polifh,  and  by 
comparing  the  different  aftions  on  the  fame 
fufible  or  combuftible  matters,  I found,  thataC 
an  equal  intenfity  of  light,  large  focufes  con- 
liantly  have  more  effedl  than  fmall,  and  I dif- 
covered  the  fame  to  be  the  cafe  with  refracting 
mirrors. 

The  reafon  of  this  difference  is  eafy  to  be 
afligned,  if  we.  confider,  that  heat  communi- 
cates nearer  and  nearer,  and  difperfes,  if  I may 
fay  fo,  when  it  is  even  applied  on  the  fame 
point : for  example,  if  we  let  the  focus  of  a 
burning-glafs  fall  on  the  centre  of  a crown 
piece,  and  that  this  focus  was  only  a 22d  of  an 
inch  diameter,  the  heat  produced  on  the  centre 
difperfes  and  extends  over  and  throughout  the 
whole  piece  : thus  all  the  heat,  although  ufed 
at  firff  to  the  centre  of  the  crown,  does  not  flop 
there,  and  confequently  cannot  produce  fo 
great  an  effect  as  if  it  did.  But  if,  inflead  of  a 
focus  of  a 1 2th  of  an  inch,  we  let  fall  a focus  of 
equal  intenfity  on  the  whole  crown,  every  part 
being  alike  heated,  then  inftead  of  experiencing 
the  lofs  of  heat,  it  acquires  an  augmentation  ; 
for  the  middle  profiting  of  the  heat  w'ith  the 
other  points  which  furround  it,  the  crown  piece 
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will  be  melted  in  this  latter  cafe,  whereas,  in 
the  firft,  it  will  be  only  flightly  heated. 

After  'thefe  experiments  and  reflections,  I 
felt  the  hope  of  my  fucccfs  to  make  mirrors  to 
burn  at  a great  diftance  prodigioufly  to  in- 
creafe  ; for  I began  no  longer  to  dread,  as  be- 
fore, the  great  extent  of  the  focus  ; I w'as  per- 
fuaded,  on  the  contrary,  that  a focus  of  a con- 
fiderable  breadth,  as  two  feet,  and  in  which 
the  intenfity  of  the  light  would  not  be  near  fo 
great  as  in  a fmall  focus  of  four  lines,  might, 
neverthelefs,  produce  inflammation,  and  with 
more  power ; and  that,  confequently,  this 
mirror,  which,  by  mathematical  theory,  ought 
to  have  at  lead  thirty  feet  diameter,  would  be 
reduced  to  one  of  eight  or  ten  feet  at  mod, 
which  was  not  only  a poflTible,  but  even  a very 
practicable  thing. 

I then  thought  ferioufly  to  execute  my  pro- 
ject : I had  at  fird  adefign  of  trying  to  burn  at 
200  or  300  feet  didance  with  circular  or  hexa- 
gon glades,  of  a fquare  foot  in  furface,  and  I 
was  defirous  of  having  four  iron  carriages  for 
them,  with  fcrews  to  each  to  move  them,  and  a 
fpring  to  adjud  them;  but  the condderable  ex- 
pence this  adjudment  exacted,  made  me  quit 
that  idea,  and  I took  two  common  glades  of 
fix  inches  by  eight,  and  a wooden  adjudment, 

which 
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which,  in  fact,  was  lefs  folid  and  precife,  but 
the  expence  was  more  agreeable  ; the  mecha- 
nifm  of  which  I had  executed  by  M.  PalTe- 
ment. 

It  is  fufficient  to  fay,  that  it  was  at  firft  com- 
pofed  of  1 68  glafies  of  fix  inches  by  eight 
each,  about  4-1 2ths  of  an  inch  diftant  from 
each  other ; thefe  glaffes  moved  in  all  direc- 
tions, and  the  four  lines  of  fpace  between  them 
not  only  ferved  for  the  freedom  of  this  motion, 
but  alfo  to  let  the  operator  fee  the  place  where 
he  was  to  conduct  his  images.  By  means  of 
this  conftruction,  168  images  could  be  thrown 
on  one  point,  and,  confequently,  burn  at  feveral 
diftances,  as  at  20,  30,  and  to  150  feet.  By 
increafing  the  fize  of  the  mirror,  or  by  making 
other  mirrors  like  the  firft,  we  are  certain  of 
throwing  fire  to  ftill  greater  diftances,  or  to 
increafe  as  much  as  we  pleafe  the  force  or  ac- 
tivity of  thofe  firft  diftances. 

It  is  only  to  be  obferved,  that  the  motion 
here  fpokenof  is  not  very  eafy  to  be  executed, 
and  that  alfo  there  is  a very  great  choice  to  be 
made  in  the  glaffes;  for  they  are  not  all  equally 
good,  though  they  appear  fo  at  the  firft  infpec- 
tion.  I was  obliged  to  pick  out  of  more  than 
500  the  168  I made  ufe  of.  The  method  of 
trying  them  is  to  receive  at  150  feet  diftance 
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the  reflected  image  of  the  fun,  as  a vertical 
plane ; we  mufl:  felect  thofe  which  give  a round 
and  terminated  image,  and  put  afide  the  reft, 
whofe  thickneftes  being  unequal  in  different 
parts,  or  the  furface  a little  concave  or  convex, 
have  images  badly  terminated,  double,  treble, 
oblong,  &c.  according  to  the  different  defects 
found  in  the  glaffes. 

By  the  firft  experiment  I made  the  23d  of 
March,  1747,  at  noon  I fet  fire  to  a plank  of  fir 
at  fixty  fix  feet  diftance,  with  forty  glaffes  only, 
about  a quarter  of  the  mirror.  It  mttft;  be  ob- 
ferved,  that  not  being  yet  mounted,  it  was  very 
difadvantagcoufly  placed,  forming  an  angle  with 
the  fun  of  twenty  degrees  declination,  and  ano- 
ther of  more  than  ten  degrees  inclination. 

The  fame  day  I fet  fire  to  a pitchy  and  fulphu- 
reous  plank  at  126  feet  diftance,  with  eighty- 
eight  glaffes,  the  mirror  being  (till  placed  difad- 
vantageoufly.  It-ds  well  known,  that  to  burn 
with  more  advantage,  the  mirror  ftiould  be  di- 
rectly oppofed  to  the  fun,  as  well  as  the  matters 
to  be  inflamed;  fo  that,  by  fuppofing  a perpen- 
dicular plane  on  the  plane  of  the  mirror,  it  muft 
pafs  by  the  fun,  and,  at  the  fame  time,  through 
the  midft  ofcombuftible  matters. 

The  3d  of  April,  at  four  o’clock  in  the  af- 
ternoon, the  mirror  being  mounted,  produced 
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a flight  inflammation  on  a plank  covered  with 
pitch  at  138  feet  diflance,  although  the  fun 
was  weak  and  the  light  pale.  It  is  requifite  to 
be  careful,  when  we  approach  the  fpot  where 
the  combuftible  matters  are,  and  not  look  on 
the  mirror ; for  if,  unfortunately-,  the  eyes 
fhould  meet  the  focus,  inevitable  blindnefs  will 
enfue. 

The  4th  of  April,  at  eleven  in  the  morning, 
although  the  fun  appeared  watery,  and  the  fky 
cloudy,  yet  it  produced,  with  154  glaffes,  fo 
confiderable  a heat  at  158  feet,  that  in  lefsthan 
two  minutes  it  made  a deal  plank  to  fmoke, 
and  which  would  certainly  have  flamed,  if  the 
fun  had  not  fuddenly  difappeared. 

The  enfuing  day,  the  5th  of  April,  at  three 
o’clock  in  the  afternoon,  we  fet  fire  in  a minute 
and  an  half  at  150  feet  diflance,  to  a plank  ful- 
phuredand  mixed  with  coals,  with  154  glaffes. 
When  the  fun  is  powerful,  only  a few  feconds 
is  required  to  produce  inflammation. 

The  loth  of  April  in  the  afternoon,  the  fun 
being  bright,  we  fet  fire  to  a fir  plank  at  150 
feet  diflance,  with  only  128  glaffes:  the  in- 
. flammation  was  very  fudden,  and  made  in  all 
the  extent  of  the  focus,  which  was  about  fix- 
teen  inches  diameter  at  this  diflance. 
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The  fame  day,  at  half  part  two  o’clock,  we 
threw  the  fire  on  another  plank,  partly  pitched 
and  covered  with  fulphur  in  fome  places : the 
inflammation  was  made  very  fuddenly  ; it  be- 
gan by  the  parts  of  the  wood  which  were  un- 
covered, and  the  fire  was  fo  violent,  that  the 
plank  was  obliged  to  be  dipped  in  water  to  ex- 
tingiiifh  it:  there  yv'ere  148  glaifes  at  150  feet 
diflance. 

The  nth  of  April,  the  focus  being  only  20 
feet  diftant  from  the  mirror,  it  only  required  1 2 
glaffes  to  inflame  fmall  combuflible  matters ; 
with  21  glaffes  we  fet  fire  to  another  plank 
^hich  had  already  been  partly  burnt ; with 
45  glaffes  we  melted  a block  of  tin  of  61b. 
weight;  and  with  117  glaffes  we  melted  thin 
pieces  of  filver,  and  reddened  an  iron  plate  ; 
and  I am  alfo  perfuaded,  that  by  ufing  all  the 
glaffes  of  the  mirror  we  fhould  have  been 
enabled  to  have  melted  metals  at  50  feet  dif- 
tance  ; and  as  the  focus  at  this  diflance  was 
fix  or  feven  inches  broad,  we  fhould  be  able  to 
make  trials  on  all  metals,  which  it  was  not 
poflible  to  do  with  common  mirrors,  whofe 
focus  is  either  very  weak  or  100  times  fmaller 
than  that  of  mine.  I have  remarked,  that  me- 
tals, and  efpecially  filver,  fmoke  much  before 
they  melt ; the  fmoke  was  fo  flriking  that  it 
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fhaded  the  ground,  and  it  was  there  1 looked 
on  it  attentively,  for  it  is  not  poffible  to  look  a 
moment  On  the  focus  when  it  falls  on  the  me- 
tal, the  luftre  being  much  more  dazzling  than 
that  of  the  fun. 

The  experiments  which  I have  here  related 
have  been  followed  by  a'great  number  of  others, 
which  confirm  them.  I have  fet  fire  to  wood 
at  210  feet  diftance  with  this  mirror,  by  the 
fun  in  .the  fummer ; and  I am  certain,  that  with 
four  fimilar  mirrors  I could  burn  at  400  feet, 
and,  perhaps,  at  a greater  diftance.  I have, 
likewife,  melted  all  metals,  and  metallic  mi- 
nerals, at  125,  130,  and  140  feet.  We  fhall 
find,  in  the  courfe  of  this  article,  the  ufes  to 
which  thefe  mirrors  can  be  applied,  and  the 
limits  that  muft  be  affigned  to  their  power  for 
calcination,  combuflion,  fufion,  &c. 

This  mirror  burnt  according  to  the  different 
inclination  given  it,  and  what  gave  it  this  ad- 
vantage over  the  common  teflefting  mirrors 
was,  that  its  focus  was  very  diftant,  and  had 
fo  little  curvature,  that  it  was  almoft  imper- 
ceptible : it  was  feven  feet  broad  by  eight  feet 
high,  which  makes  about  150th  part  of  the 
circumference  of  the  fphere,  when  we  burn  at 
150  feet  diftance. 
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T he  rcafon  that  determined  me  to  prefer 
gla(Tes  of  fix  inches  broad  by  eight  inches  high, 
to  fquare  glafies  of  fix  or  eight  inches,  was, 
that  it  is  much  more  commodious  to  make  ex- 
periments upon  an  horizontal  and  level  ground 
than  otherwife,  and  that  with  this  figure  higher 
than  broader  the  images  were  rounder;  whereas 
with  fquare  glafies  they  would  be  ftiortened, 
efpecially  at  fmall  diftances,  in  an  horizontal 
fiiuation. 

This  difeovery  furnifhes  us  with  many  ufcful 
hints  for  phy fic,  and,  perhaps,  for  the  arts.  We 
know  that  what  renders  common  refledfing 
mirrors  almoft  ufelefs  for  experiments  is,  that 
they  burn  almoft  always  upwards,  and  that  w^ 
are  greatly  embarrafied  to  find  means  to  fup- 
prefs  or  fupport  matters  to  be  melted  or  calcin- 
ed to  their  focus.  By  means  of  my  mirror  we 
burn  concave  mirrors  downwards,  and  with  fo 
great  an  advantage  that  we  have  what  degree 
of  heat  we  pleafe  ; for  example,  by  oppofing 
to  my  mirror  a concave  one  of  a foot  fquare  in 
the  furface,  the  heat  produced  to  this  laft  mir- 
ror, by  ufing  154 glafies  only,  will  be  upwards 
of  12  times  greater  than  that  generally  pro- 
duced, and  the  effcdl  will  be  the  fame  as  if  12 
funs  exifted  inftead  of  one,  or  rather  as  if  the 
fun  had  12  times  more  heat. 

Secondly, 
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Secondly,  By  means  of  my  mirror  we  fhall 
have  the  true  fcaleof  the  augmentation  of  heat, 
and  make  a real  thermometer,  whofe  divifions 
will  be  no  longer  arbitrary,  from  the  tempera- 
ture of  the  air  to  what  degree  of  heat  we  chufe, 
by  letting  fall,  fuccellively,  the  images  of  the 
fun  one  on  the  other,  and  by  graduating  the 
intervals,  whether  by  means  of  an  expanfive 
liquor,  or  a machine  of  dilatation,  and  from 
that  we  fliall  know,  in  fadl,  what  a double, 
treble,  quadruple,  &c.  augmentation  of  heat  is, 
and  fhall  find  out  matters  whofe  expanfion,  or 
other  efFedls,  will  be  the  moft  fuitable  to  mea- 
fure  the  augmentations  of  heat. 

Thirdly,  We  fhall  exadfly  know  how  many 
times  is  required  for  the  heat  of  the  fun  to 
burn,  melt,  or  calcine  different  matters,  which 
was  hitherto  only  known  in  a vague  and  very 
indefinite  manner ; and  fhall  be  in  a flate  to 
make  precife  comparifons  of  the  activity  of  our 
fires  with  that  of  the  fun,  and  have  exadt  rela- 
tions and  fixed  and  invariable  meafures.  In 
fhort,  thofe  who  examine  my  theory,  and  fhall 
have  feen  the  effedt  of  my  mirror,  I think  w'ill 
be  convinced  that  the  mode  I have  ufed  was  the 
only  one  poflible  to  fucceed  to  burn  far  off, 
for,  independent  of  the  phyfical  difficulty  of 
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making  large  concave,  fpherical,  parybblical 
mirrors,  or  of  any  other  curvature  whatfoever, 
regular  enough  to  burn  at  150  feet  diftance, 
we  fliall  eafily  be  convinced  that  they  would 
not  produce  but  nearly  as  much  effcdl  as  mine, 
becaufe  the  focus  would  be  almoft  as  broad ; 
that  befides,  thefe  curved  mirrors,  if  even  it 
ihould  be  pofllble  to  make  them,  would  have 
the  very  great  difadvantage  to  burn  only  at  a 
nigh  diftance,  whereas  mine  burns  at  all  dif- 
tances ; and,  confequently,  we  rtiall  abandon 
the  fcheme  of  making  mirrors  to  burn  at  a 
great  diftance  by  means  of  curves,  which  has 
ufelefsly  employed  a great  number  of  mathe- 
maticians and  artifts,  who  were  always  de- 
ceived, becaufe  they  confidered  the  rays  of  the 
fun  as  parallel,  whereas  they  fhould  be  confi- 
dered as  they  are,  namely,  as  forming  angles  of 
all  fizes,  from  o to  32  minutes,  which  makes 
it  impofiible,  whatfoever  curve  is  given  to  a 
mirror,  to  render  the  diameter  of  the  focus 
fmaller  than  the  chord,  which  meafures  32 
minutes.  Thus,  if  even  we  could  make  a 
concave  mirror  to  burn  at  a great  diftance  ; 
for  example,  at  150  feet,  by  employing  all  its 
points  on  a fphere  of  600  feet  diameter,  and 
by  employing  an  uncommon  mafs  of  glafs  or 
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metal,  it  is  evident  that  we  fliall  have  a little 
more  advantage  than  by  ufing,  as  1 have  done, 
only  fmall  plain  mirrors. 

On  the  whole,  altho’  this  mirror  is  fufcep- 
tible  of  a very  great  perfedlion,  both  for  the 
adjuftment,  and  many  other  particulars,  and 
tho’  I think  I lhall  be  able  to  make  another, 
whofe  efFeds  will  be  fiiperior,  yet,  as  every 
thing  has  its  limits,  it  muft  not  be  expeded  that 
ever  one  can  be  formed  to  burn  at  extreme  dif- 
tances  ; to  burn,  for  example,  at  the  diftance  of 
half  a mile,  a mirror  200  times  larger  would  be 
required  ; and  1 am  of  opinion  that  more  will 
never  be  effefted  than  to  burn  at  the  diilance 
of  8 or  900  feet.  The  focus,  whofe  motion  is 
always  correfpondent  to  that  of  the  fun.  moves 
fo  much  the  quicker,  as  it  is  farther  diftant 
from  the  mirror  ; and  at  90  feet  it  would  move 
about  fix  feet  a minute. 

However,  as  I have  given  an  account  of  my 
difcovery,  and  the  fuccefs  of  my  experiments, 
I Ihould  render  to  Archimedes-,  and  the  an- 
cients, the  glory  that  is  their  due.  It  is  certain 
that  Archimedes  could  perform  with  metal 
mirrors  what  I have  done  with  glafs,  and  that, 
confequently,  I cannot  refufe  him  the  title  of 
the  firft  inventor  of  thefe  mirrors,  which  the 
opportunity  he  had  to  ufe  them  rendered  him, 
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without  doubt,  more  celebrated  than  the  merit 
of  the  thing  itfelf. 

Many  advantages  may  be  derived  from  the 
nfe  of  tlicfe  mirrors  ; with  an  affemblage  of 
finall  mirrors,  with  hexagonal  planes,  and  po- 
liflied  fteel,  which  will  have  more  folidity  than 
glaflTes,  and  which  would  not  be  fubje<!d:  to  the 
alterations  which  the  light  of  the  fun  may  caufe, 
we  may  produce  very  ufeful  effedls,  and  which 
would  amply  repay  the  expences  of  the  con- 
ftrudlion  of  the  mirror. 

I.  For  all  evaporations  of  fait  waters,  where 
great  quantities  of  wood  and  coal  areconfum-, 
cd,  or  ffrudfures  for  the  purpofe  of  carrying  the 
waters  off,  which  coft  more  than  the  conrtruc- 
tion  of  many  mirrors,  fuch  as  I mention;  for 
the  evaporation  of  fait  waters,  only  an  af- 
femblage of  twelve  plain  mirrors  of  a fquare 
foot  each  is  necelTary.  The  heat  reflefted  by 
their  focufes,  although  directed  below  their 
level,  and  at  fifteen  or  fixteen  feet  diftance,  will 
be  ftill  great  enough  to  boil  water,  and  confe- 
quently,  produce  a quick  evaporation ; for  the 
heat  of  boiling  water  is  only  treble  the  heat  of 
the  fun  in  fummer ; and  as  the  refledion  of  a 
well  polilhed  plain  furface  only  diminifhes  the 
heat  one  half,  fix  mirrors  are  only  required  to 
produce  to  the  focus  a heat  equal  to  boiling 

water 


NATURAL  HISTORY. 


217 


water  ; but  I fhall  double  the  number  to  make 
the  heat  communicate  quicker ; and  likewife  by 
reafon  of  the  lofs  occafioned  by  the  obliquity* 
under  which  the  light  falls  on  the  furface  of  the 
water  to  be  evaporated,  and  becaufe  fait  water 
heats  flower  than  frefli.  This  mirror,  whofe 
aflemblage  would  form  only  a fquare  four  feet 
broad  by  three  feet  high,  would  be  eafy  to  be 
managed  ; and  if  it  were  required  to  double  or 
treble  the  effedls  in  the  fame  time,  it  would  be 
better  to  make  fo  many  fimilar  mirrors,  than 
to  augment  the  flate  of  them  ; for  water  can 
only  receive  a certain  quantity  of  heat,  and  we 
fhould  not  gain  any  thing  by  increafing  this 
degree  ; whereas,  by  making  two  focufes  with 
two  equal  mirrors*  we  fhould  double  the  efFedl 
of  the  evaporation,  and  treble  it  by  three  mir- 
rors, whofe  focufes  would  fall  feparately  one 
from  the  other  on  the  furface  of  the  water  to 
be  evaporated.  We  cannot  avoid  the  lofs  cauf- 
ed  by  the  obliquity ; nor  can  it  be  remedieef 
but  by  fuffering  a ftill  greater,  that  is,  by  re- 
ceiving the  rays  of  the  fun  on  alargeglafs  which 
would  refleft  them  broken  on  the  mirror  ; for 
then  it  would  burn  at  bottom  inflead  of  the 
top,  but  it  would  lofe  half  the  heat  by  the  firff: 
refleclion,  and  half  of  the  remainder  by  the 
fecond  : fo  that  inflead  of  fix  fmall  mirrors,  it 
VOL.  X.  F f would 
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would  require  a dozen  to  obtain  a heat  equal 
to  boiling  water.  For  the  evaporation  to  be 
made  with  more  fuccefs,  we  bught  to  dimlnifh 
the  thicknefs  of  the  water  as  much  as  poffible  ; 
a mafs  of  water  a foot  deep  will  not  eva- 
porate nearly  fo  quick  as  the  fame  mafs  re- 
duced to  fix  inches,  and  increafed  to  double  the 
fuperficies.  Befides,  the  bottom  being  nearer 
the  furface,  it  heats  quicker,  and  this  heat, 
which  the  bottom  of  the  veflel  receives,  con- 
tributes flill  more  to  the  celerity  of  the  eva- 
poration. 

2.  Thefe  mirrors  may  be  ufed  with  advan- 
tage to  calcine  plaiflers,  and  even  calcareous 
ftones,  but  they  would  require  to  be  larger,  and 
the  matters  placed  in  an  elevated  fituation,  that 
nothing  may  be  loft  by  the  obliquity  of  the 
light.  It  has  already  been  obferved  that  gyp- 
fums  heat  as  foon  again  as  foft  calcareous  ftone, 
and  nearly  twice  as  quick  as  marble,  or  hard 
calcareous  ftone  ; their  calcination,  therefore, 
muft  be  in  a refpedlive  ratio.  • I have  found  by 
an  experiment  repeated  three  times,  that  very 
little  more  heat  is  required  to  calcine  white 
gypfum,  called  alabafter,  than  to  melt  lead. 
Now  the  heat  necelfary  to  melt  lead  is,  accord- 
ing to  Newton,  eight  times  ftronger  than  the 
heat  of  the  fummer  fun  ; it  therefore  would 
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require  fixteen  fmall  mirrors  to  calcine  gyp- 
fum  ; and  becaufe  of  the  lofles  thereby  occa- 
fioned,  as  well  as  by  the  obliquity  of  the  light, 
and  the  inequality  of  the  focus,  that  is  not  re- 
moved above  fifteen  feet,  I prefume  it  would 
require  twenty  , and  perhaps  twenty-four  mir- 
rors of  a foot  fquare  each,  to  calcine  gypfum  in 
a fliort  time,  confequently  it  would  require  an 
alfemblage  of  forty-eight  fmall  mirrors  to  cal- 
cine the  fofteft  calcareous  ftone,  and  feventy- 
two  of  a foot  fquare  to  calcine  hard  calcareous 
ftones.  Now  a mirror  twelve  feet  broad  by 
fix  feet  high,  would  be  a large  and  cumber- 
fome  machine;  neverthelefs,  we  might  conquer 
thefe  difficulties  if  the  produdl  of  the  calcina- 
tion was  confiderable  enough  to  be  equivalent, 
and  to  furpafs  the  expence  of  the  confumption 
of  wood.  To  afcertain  this,  we  ought  to  begin 
with  calcining  of  plaifter  with  a mirror  of 
twenty-four  pieces,  and  if  that  fucceeded,  to 
make  two  other  like  mirrors,  inftead  of  mak- 
ing a 'large  one  of  feventy-two  pieces  ; for  by 
co-inciding  the  focufes  of  thefe  three  mirrors 
of  twenty-four  pieces,  we  fhall  produce  an 
equal  heat,  ftrong  enough  to  calcine  marble  or 
hard  ftone. 

But  a very  elfential  matter  remains  doubtful, 
that  is,  to  know  how  long  time  would  be  re- 
F f 2 quifue 
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quifite  to  calcine  a cubical  foot  of  matter,  efpc- 
cially  if  that  foot  was  ftruck  with  the  heat 
only  in  one  part.  Some  time  would  pafs  be- 
fore the  heat  penetrated  its  thicknefs  ; during 
this  time,  a great  part  of  the  heat  would  be 
loft,  and  which  would  iftue  from  this  piece  of 
matter  after  it  had  entered  therein.  I greatly 
doubt,  therefore,  whether  the  ftone  not  being 
touched  by  the  heat  on  every  fide  at  once,  the 
calcination  w'ould  not  be  flower,  and  the  pro- 
duce lefs.  Experience  alone  can  decide  this, 
but  it  would  be  at  leaft  neceflTary  to  attempt  it 
on  gypfous  matters,  whofe  calcination  is  as 
quick  again  as  calcareous  ftone. 

By  concentrating  this  heat  of  the  fun  in  a 
kiln,  which  has  no  other  opening  than  that 
which  admits  the  light,  a great  part  of  the 
heat  would  be  prevented  from  flying  off,  and 
by  mixing  with  calcareous  ftone  a fmall  quan- 
tity of  coal  duft,  which  is  the  cheapeft  of  all 
combuftible  matters,  this  flight  fupply  of  food 
would  fuffice  to  feed  and  augment  the  Quan- 
tity of  heat,  which  would  produce  a more 
ample  and  quick  calcination,  and  at  very  little 
expence. 

3.  Thefe  mirrors  of  Archimedes  might  be, 
in  fa£l,ufed  to  fet  fire  to  the  fails  of  veflels,  and 
even  to  pitched  wood  at  more  than  150  feet 
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diftance  ; they  might  alfo  be  ufed  againft  the 
enemy,  by  burning  the  grain  and  other  pro^ 
duflions  of  the  earth  ; this  effeit  would  be  no 
lefs  fudden  than  deftruftive  ; but  we  fnall  not 
dwell  on  the  means  of  doing  mifchief,  con- 
ceiving it  to  be  more  our  duty  to  think  on 
thofe  which  may  dofome  real  fervice  to  human 
nature. 

4.  Thefe  mirrors  furnilh  the  foie  means  of 
exadlly  meafuring  heat.  It  is  evident,  that  two 
mirrors,  whofe  luminous  images  unite,  produce 
double  heat  in  all  the  points  of  their  furfaces, 
that  three,  four,  five,  or  more  mirrors,  will  alfo 
give  a treble,  quadruple,  quintuple,  &c.  heat, 
and  that,  confequently,  by  this  mode  we  can 
make  a thermometer  whofe  divifions  will  not 
be  too  arbitrary,  and  the  fcales  different,  like 
thofe  of  the  prefent  thermometers.  The  only 
arbitrary  thing  which  w’ould  enter  into  the  com- 
pofition  of  this  thermometer,  would  be  the 
fuppofition  of  the  total  number  of  the  parts  of 
the  quickfilver  by  quitting  the  degree  of  abfo- 
lute  cold  ; but  by  taking  it  to  looco  below 
the  congelation  of  water,  inftead  of  1000,  as 
in  our  common  thermometers,  we  fhould  ap- 
proach greatly  towards  reality,  efpecially  by 
chufing  the  coldeft  day  in  winter  to  mark  the 
fhermometers,  for  then  every  image  of  the  fun 
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would  give  it  a degree  of  heat  above  the  tem- 
perature of  ice.  The  point  to  which  the  mer- 
cuiy  rifes  by  the  firft  image  of  the  fun,  would 
be  marked  i,  and  fo  on  to  the  higheft,  which 
might  be  extended  to  36  degrees.  At  this  de- 
gree we  nioiild  have  an  augmentation  of  heat, 
thirty-fix  times  greater  than  that  of  the  firft, 
eighteen  times  greater  than  the  fecond,  twelve 
times  greater  than  the  third,  nine  times  greater 
than  the  fourth,  and  fo  on  ; this  augmentation 
of  thirty-fix  of  heat  above  that  of  icc  would  be 
fufficient  to  melt  lead ; and  there  is  every  appear- 
ance to  think  that  mercury,  which  volatilizes 
by  a much  lefs  heat,  would  by  its  vapour  break 
the  thermometer.  Weeannot,  therefore,  at  moft 
extend  the  divifion  farther  than  twelve,  and 
perhaps  not  farther  than  nine  degrees,  if  mer- 
-cury  is  ufed  for  thefe  thermometers,  and  by 
thefe  means  we  fliall  have  only  nine  degrees  of 
the  augmentation  of  heat.  This  is  one  of  the 
reafons  which  induced  Newton  to  make  ufc  of 
linfeed  oil  inftead  of  quickfilver  ; and,  in  faff, 
we  can,  by  making  ufe  of  this  liquor,  extend 
the  divifion  not  only  to  twelve  degrees,  but  as 
far  as  to  make  this  oil  to  boil.  I do  not  pro- 
pofe  fpirits  of  wine,  becaufe  that  liquor  de- 
compofes  in  a very  ftiort  time,  and  cannot  be 
ufed  for  experiments  of  a ftrong  heat. 
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When  on  the  fcale  of  thefe  thermometers 
filled  with  oil  or  mercury,  the  firft  divifions 
I,  2,  3,  4,  See.  are  marked  to  indicate  the 
double,  treble,  quadruple,  &c.  augmentations 
of  heat,  we  muft  fearch  after  the  aliquot  parts 
of  each  divifion  ; for  example,  of  the  point  i|, 
2^,  3|,  Sic.  or  i|,  2|,  3|,&c.  and  i|,  2|,3|, 
and  which  will  be  obtained  in  an  eafv  'manner, 
by  covering  the  or  | of  the  fuperficies  of 
one  of  thofe  fmal!  mirrors  ; for  then  the  image 
which  it  refle£fs,  will  contain  only  the  |,  or  I 
of  the  heat  which  the  whole  image  will  con- 
tain, and,  confequently,  the  divifion  of  the 
aliquot  parts  will  be  as  exaft  as  thofe  of  the 
whole  numbers. 

If  once  we  fucceed  in  this  real  thermometer, 
which  I call  real,  becaufe  ita£fually  marks  the 
proportion  of  the  heat,  every  other  thermome-. 
ter  whofe  fcale  is  arbitrary  and  different,  will 
become  not  only  fuperfluous,  but  even  hurtful 
in  many  cafes,  to  the  precifion  of  phyfical  truths 
fought  after  by  their  means. 

5.  By  means  of  three  mirrors  we  may  eafily 
colledl  in  their  purity,  the  volatile  parts  of  gold, 
filver,  and  other  metals  and  minerals  ; for,  by 
expofing  to  the  large  focus  of  thofe  rrfirrors  a 
large  piece  of  metal,  as  a difh,  or  filver  plate, 
we  lhall  fee  fmoke  iffue  therefrom  in.  great 
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abundance,  and  for  a confiderable  time,  till  the 
metal  is  in  fufion;  and  by  giving  only  a fmaller 
heat  than  what  fufion  requires,  we  (hall  eva- 
porate the  metal  fo  as  to  diminilh  the  weight 
confiderably. 

I am  certain  of  this  circumflance,  which 
furnidies  lights  on  the  intimate  compofition  of 
metals.  I was  defirous  of  colledling  this  plen- 
tiful vapour,  which  the  pure  fire  of  the  fun  ^ 
caufes  to  iffue  from  the  metal,  but  I had  not 
necelTary  infiruments,  and  I can  only  recom- 
mend to  chemifis  and  phyficians  to  follow  this 
important  experiment,  the  refults  of  which 
would  be  as  much  lefs  equivocal  as  the  metallic 
vapour  is  pure  ; whereas,  in  all  like  operations 
made  with  common  fire,  the  metallic  vapour  is 
necclfarily  mixed  with  other  vapours  proceed- 
ing from  combuttible  matters  which  ferve  for 
food  to  this  fire. 

Befides,  this,  means  is  the  only  one  we  have 
to  volatilize  fixed  metals,  fuch  as  gold  and  fil- 
ver  ; for  I prefume  that  this  vapour,  which  I 
have  feen  rife  In  fuch  great  quantities  from 
thefe  fixed  metals,  heated  in  the  large  focus  of 
my  mirror,  is  neither  of  water,  nor  of  any 
othQrdiquor,  but  of  the  parts  even  of  the  me- 
tal w'hich  the  heat  detaches  by  volatilizing 
them.  By  receiving  thefe  vapours  of  different 
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metals,  and  thus  mixing  them  together,  more 
intimate  and  pure  alloys  would  be  made  than 
can  be  by  fufion,  and  the  mixture  of  thefe  me- 
tals when  melted,  which  never  perfedlly  unite, 
by  reafon  of  the  inequality  of  their  fpecific 
weight,  and  many  other  circumftances  which 
are  oppofed  to  the  intimate  and  perfedt  equality 
of  the  mixture.  As  the  conftituent  parts  of 
thefe  metallic  vapours  are  in  a much  greater 
ftate  of  divifion  than  fufion,  they  would  join 
and  unite  clofer  and  more  readily.  In  fhort, 
we  fhould  attain  the  knowledge  of  a general 
fadf  by  this  mode,  and  which,  for  many  rea- 
fons,  I have  a long  time  fufpedled,  that  there  is 
penetration  in  all  alloys  made  in  this  manner, 
and  that  their  fpecific  w'eight  would  be  always 
greater  than  the  fum  of  the  fpecific  weights  of 
the  matters  of  which  they  are  compofed  : for 
penetration  is  only  a greater  degree  of  inti- 
macy, every  thing  equal  in  other  refpedls  will 
be  fo  much  the  greater  as  matters  will  be  in  a 
more  perfedt  ftate  of  divifion. 

By  refiedling  on  the  veflels  ufed  to  receive 
and  colledl  thefe  metallic  vapours,  I was  fur- 
niflied  with  an  idea,  which  appeared  to  me  to 
be  of  too  great  utility  not  to  publilh  ; it  is  alfo 
eafy  enough  to  be  realized  by  good  able  che- 
mifts ; 1 have  even  communicated  it  to  foma 
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of  them,  who  appeared  quite  fatisfied  there- 
with. This  idea  is  to  freeze  mercury  in  this 
climate,  and  with  a much  lefs  degree  of  cold 
than  that  of  the  experiments  of 'Peterfburgh 
or  Siberia,  For  this  purpofe  the  vapour  of 
mercury  is  only  required  to  be  received,  and 
which  is  the  mercury  itfelf  volatilized  by  a 
very  moderate  heat  in  a crucible,  or  veflel,  to 
W’hich  we  give  a certain  degree  of  artificial 
cold.  This  vapour,  or  this  mercury,  minutely 
divided,  w'ill  offer,  to  the  adion  of  the  cold, 
furfaces  fo  large,  and  malTes  fo  fmall,  that  in- 
Ifcad  of  187  degrees  of  cold  requifite  to  freeze 
mercury,  poflibly  18  or  20  w'ill  be  fufficient, 
and  perhaps  even  lefs  to  freeze  it  when  in  va- 
pour. I recommend  this  important  experi- 
ment to  all  thofe  wiio  endeavour  earneftly  for 
the  advancement  of  the  fciences. 

To  thefe  principal  ufes  of  the  mirror  of 
Archimedes,  I could  add  many  other  particular 
ones ; but  I have  confined  myfelf  to  thofe  only 
which  have  appeared  the  moft  ufeful,  and  Icafl 
difficult  to  be  put  in  praclice  ; neverthelefs  I 
have  fubjoined  fome  experiments  that  I made 
on  the  tranfmiffion  of  light  through  tranfparent 
bodies,  to  give  fome  new  ideas  on  the  means  of 
feeing  objeds  at  a difiance  with  the  naked  eye, 
or  with  a mirror,  like  that  fpoken  of  by  the  an- 
cients, 
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cients,  and  by  the  efFeft  of  which  vefTels  could 
be  perceived  from  the  port  of  Alexandria,  as 
far  as  the  curvature  of  the  earth  would  permit. 

Phyficians  at  prefent  know,  that  there  are 
three  caufes  which  prevent  the  light  from 
uniting  in  a point,  when  its  rays  have  pafled 
the  objeftive  glafs  of  a common  mirror.  The 
firft  is  the  fpherical  curve  of  this  glafs,  which 
difperfes  a part  of  the  rays  in  a fpace  termi- 
nated by  a curve.  The  fecond  is  the  angle  un- 
der w hich  the  objedl  appears  to  the  naked  eye  ; 
for  the  breadth  of  the  focus  of  the  objedfive 
glafs  has  a diameter  nearly  equal  to  the  chord 
of  which  this  angle  meafures.  The  third  is  the 
different  refrangibility  of  the  light  ; for  the 
moft  refrangible  rays  do  not  colledl  in  the  fame 
place  with  the  leffer. 

The  firft  caufe  may  be  remedied  by  fubfti- 
tuting,  as  Defcartes  has  propofed,  elliptical,  or 
hyperbolical,  glalfes  to  the  fpherical.  The 
fecond  is  to  be  remedied  by  a fecond  glafs, 
placed  to  the  focus  of  the  objedtivc,  whofe  dia- 
meter is  nearly  equal  the  breadth  of  this  focus, 
and  whofe  furface  is  worked  on  a fphere  of  a 
Very  fhort  ray.  The  third  has  been  found  to 
be  remedied,  by  making  telefcopes,  called  Acro- 
matics,  which  are  compofed  of  two  forts  of 
glaffes,  which  difperfe  the  coloured  rays  differ- 
G g 2 ently- 
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ently  ; fo  that  the  difperfion  of  the  one  is  cor- 
re£fed  by  the  other,  wiihout  the  general  re- 
fradlion,  which  conllitutes  the  mirror,  being 
deftroyed.  A telefcope  3I  feet  long,  made  on 
this  principle,  is  in  effecl  equivalent  to  the  old 
telefcopcs  of  25  feet. 

But  the  remedy  of  the  firft  caufe  is  perfedlly 
ufelefs  at  this  time,  becaufe  the  effeft  of  the 
laft  being  much  more  confiderable,  has  fuch 
great  influence  on  the  whole  efFcdlthat  nothing 
can  be  gained  by  fubftituting  hyperbolical,  or 
elliptical  glafles  to  fpherical,  and  this  fubftitu- 
tion  could  not  become  advantageous  but  in  the 
cafe  where  the  means  of  correding  the  efFeft 
of  the  different  refrangibility  of  the  rays  of 
light  might  be  found  ; it  feems,  therefore,  that 
we  fhould  do  well  to  combine  the  two  means, 
and  to  fubftitute,  in  acromatic  telefcopes,  el- 
liptical glaffes. 

To  render  this  more  obvious,  let  us  fuppofe 
the  objedl  obferved  to  be  a luminous  point 
without  extent,  as  a fixed  ftar  is  to  us.  It  is 
certain,  that  with  an  objedlive  glafs,  for  ex- 
ample, of  30  feet  focus,  all  the  images  of  this 
luminous  point  will  extend  in  the  form  of  a 
curve  to  this  focus,  if  it  is  worked  on  a fphere ; 
and,  on  the  contrary,  they  will  unite  in  one 
point  if  this  glafs  is  hyperbolical;  but  if  the 
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object  obferved  at  a certain  extent,  as  the  moon, 
which  occupies  half  a degree  of  fpace  to  our 
eyes,  then  the  image  of  this  object  will  occupy 
a fpace  of  three  inches  diameter  in  the  fpcus  of 
the  objective  glafs  of  30  feet  ; and  the  aberca- 
tion  caufed  by  the  fphericity  producing  a con- 
fufion  in  any  luminous  point,  it  produces  the 
fame  on  every  luminous  point  of  the  moon’s 
difk,  and,  confequently,  wholly  disfigures  it. 
There  would  be,  then,  much  difadvantage  in 
making  ufe  of  elliptical  glafi'es  for  long  tele- 
fcopes,  fince  the  meains  has  been  found,  in  a 
great  meafure,  to  correct  the  effect  produced 
by  the  different  refrangibility  of  the  mirrors. 

From  this  it  follows,  that  if  w^e  would  make 
a telefcope  of  30  feet,  to  obferve  the  moon 
and  fee  it  completely,  the  ocular  glafs  muft  be 
at  leafl.  three  inches  diameter,  to  collect  the 
whole  image  which  the  objective  glafs  pro- 
duces to  its  focus;  and  if  we  would  obferve  this 
planet  with  a telefcope  of  60  feet,  the  ocular 
glafs  muff  be  at  leaf!  fix  inches  diameter,  be- 
caufe  the  chord  whicbi  the  angle  meafures 
under  which  the  moon  appears  to  us,  is,  in 
this  cafe,  nearly  fix  inches ; therefore  aftro- 
nomers  never  make  ufe  of  telefcopes  that  in- 
clude the  whole  difk  of  the  moon,  becaufe 
they  wmuld  magnify  but  very  little.  But  if 


we 


buffon’s 


2:0 

we  would  obferve  the  planet  V’eniis  with  a te- 
lefccpe  of  60  feet,  as  the  angle  under  which  it 
appears  to  us  is  only  6o  feconds,  the  ocular 
glafs  can  only  have  four  lines  diameter;  and  if 
we  make  ufe  of  an  objective  of  120  feet,  an 
oct'lar  glafs  of  eight  lines  diameter  would  fiif- 
fice  to  unite  the  whole  image  which  the  ob- 
jective forms  to  its  focus. 

Hence  we  fee,  that  if  even  the  rays  of  light 
were  equally  refrangible  we  could  not  make 
fuch  (trong  telefcopes  to  fee  the  moon  with  as 
to  fee  the  other  planets,  and  tliat  the  fmaller  a 
pktnet  appears  to  our  fight  the  more  we  can  aug- 
ment the  length  of  the  telefcope,  with  which 
we  can  fee  it  wholly.  Hence  it  may  be  well 
conceived,  that  in  this  fnppofition  of  the  rays, 
equally  refrangible,  there  muff  be  a certain 
length  more  advantageoufly  determined  than 
any  other  for  each  different  planet,  and  that 
this  length  of  the  telefcopes  not  only  depends 
on  the  angle  under  which  the  planet  appears 
to  our  fight,  but  alfo  on  the  quantity  of  light 
with  which  it  is  brightened. 

1 n common  telefcopes  the  rays  of  light  being 
differently  refrangible,  all  that  could  be  done  in 
this  mode  to  perfect  ionate  them  would  be  of 
very  little  advantage,  bccaufe,  that  under  what- 
foever  angle  the  object,  or  planet,  appears  to 
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our  fight,  and  v.’hatever  intenfity  of  light  it 
may  have,  the  ravs  will  never  collect  in  the 
fame  part ; the  longer  the  telefcope  the  more 
interval  it  will  have  between  the  focus  of  the 
red  and  violet  rays,  and  confequently  the  more 
confufed  the  image  of  the  object  obferved. 

Refracting  telefcopes,  therefore,  can  only  be 
perfectionated  by  feeking  for  the  means  of  cor- 
recting this  effeft  of  the  different  refrangibility, 
either  by  compofing  telefcopes  of  different 
denfities,  or  by  other  particular  means,  which 
would  be  different  according  to  different  ob- 
jects and  circumftances.  Suppofe,  for  example, 
a Ihort  telefcope,  compofed  of  two  glaffes,  one 
convex  and  the  other  concave,  it  is  certain 
that  this  telefcope  can  reduce  itfelf  to  another 
whofe  two  glalfes  would  be  plain  on  one  fide 
and  on  the  other  bordering  on  fpheres,  whofe 
rays  would  be  fhorter  than  that  on  the  fpheres 
on  which  the  glaffes  of  the  firft  telefcopes  hav^e 
been  conftrufted.  To  avoid  this,  which  con- 
ftitutes  a great  part  of  the  effedl  of  the  dif- 
ferent refrangibility  of  the  rays,  the  fecond  te- 
lefcope may  be  made  with  one  fingle  piece  of 
maffive  glafs,  as  I had  it  done  with  two  pieces 
of  white  glafs,  one  of  two  inches  and  an  half 
in  length,  and  the, other  one  inch  and  an 
half,  but  then  the  lofs  of  tranfparency  is  a 
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greater  inconvenience  than  the  different  refran- 
gibility  which  it  correds,  for  thefe  two  fmall 
maffive  telefcopes  of  glafs,  are  more  obfcure 
than  a fmall  common  telefcope  of  the  fame 
glafs  and  dimenfions  ; they  indeed  give  lefs  iris, 
but  are  not  better,  for  in  maffive  glafs  the  light, 
after  having  croffed  this  thicknefs  of  glafs, 
would  no  longer  have  a fufficient  force  to  take 
in  the  image  of  the  objedi  to  our  eye.  So  to 
make  telefcopes  10  or  20  feet  long  I only  find 
water  that  has  fufficient  tranfparency  to  fuffer 
the  light  to  pafs  through  this  great  thicknefs. 
-By  ufing,  therefore,  water  to  fill  up  the  in- 
tervals between  the  objedlive  and  the  ocular 
glafs,  we  fhould  in  part  diminifh  the  effedl  of 
the  different  refrangibility,  becaufe  that  water 
approaches  nearer  to  glafs  than  air,  and  if  we 
could,  by  loading  the  water  with  different  falls, 
give  it  the  fame  refringent  degree  of  power  as 
glafs,  it  is  not  to  be  doubted,  that  we  fhould 
corredl  ftill  more,  by  this  means,  the  different 
refrangibility  of  the  rays.  A tranfparent  liquor 
fliould,  therefore,  be  ufed,  which  would  have 
nearly  the  fame  refrangible  power  as  glafs,  for 
then  it  would  be  certain  that  the  two  glaffes, 
with  their  liquor  between  them,  would  in 
part  corredl  the  effedl  of  the  different  refran- 
gibility of  the  rays,  in  the  fame  mode  as  it 
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is  corre£led  in  the  fmall  maflive  telefcope 
which  I fpeak  of. 

According  to  the  experiments  of  M.  Bou- 
guer,  the  thicknefs  of  a line  of  glafs  deftroys  f- 
of light,  and  confequently  the  diminutienwould 
be  made  in  the  following  proportion : 

Thicknefs,  1,  2,  3,  4,  5,  6 times 

Diminution,  -f  -jVot  tW-oV  ttt b'Tt 

So  that  by  the  fum  of  thefe  fix  terms  we 
fhould  find,  that  the  light  which  pafles  through 
fix  lines  of  glafs  would  lofe  that  is, 

about  yt  of  its  quantity.  But  it  muft  be  con- 
fidered,  that  M.  Bouguer  makes  ufe  of  glafies 
which  are  but  little  tranfparent,  fince  he  has 
obferved,  that  the  thicknefs  of  a line  of  thefe 
glalfes  deftroys  f of  the  light.  By  the  experi- 
ments which  I have  made  on  different  kinds  of 
white  glafs,  it  has  appeared  to  me  that  the 
light  dimini  files  much  lefs.  Thefe  experi- 
ments are  eafy  to  be  made,  and  what  all  the 
world  may  repeat. 

In  a dark  chamber,  whofe  walls  were  black- 
ened, and  which  I made  ufe  of  for  optical  ex- 
periments, I had  a candle  lighted  of  fixes  to 
the  pound,  the  room  was  very  large,  and  the 
candle  the  only  light  in  it ; I then  tried  at  what 
diftance  I could  read  by  this  light,  and  found 
that  I read  very  eafily  at  24  feet  four  inches 
VOL.  X.  H h from 
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from  the  candle.  Afterwards,  having  placed  a 
piece  of  glafs,  about  a line  thick,  before  it,  at 
two  inches  diftance,  1 found  that  I ftill  read 
very  plainly  at  22  feet  nine  inches  ; and  by 
fubftituting  to  this  glafs  another  piece  of  two 
lines  in  thicknefs,  and  of  the  fame  glafs,  I read 
at  21  feet  diftance  from  the  candle.  Two  of 
the  fame  glaffcs  joined  one  to  the  other,  and 
placed  before  the  candle,  diminiflied  the  light 
fo  much  that  I could  only  read  at  17I  feet 
diftance ; and  at  length,  with  three  glaftes,  I 
could  only  read  at  15  feet.  Now  the  light  of 
a candle  diminifhing  as  the  fquare  of  the  dif- 
tance augments,  its  diminution  fhould  have 
been  in  the  following  progrelTion,  if  glaftes 
had  not  been  intcrpofed:  2 — 24-y.  2 — 22|. 

. 2—21.  2—17^.  2— i5,or592i.  5i7f\44i- 
306^.  225.  Therefore  the  lofs  of  the  light, 
by  the  interpofition  of  the  glaftes,  is  in  the 
following  progreftion : 84-j^ij:‘V.  15 1.  285^. 

3671-  _ * 

From  hence  it  may  be  concluded,  that  the 
thicknefs  of  a line  of  this  glafs  diminifties  only 
of  light,  or  about  y ; that  two  lines  dimi- 
nifties-j-,!,  not  quite  |,  and  three  glaftTes  of 
two  lines,  ffi,  i.  e.  lefs  than 

As  this  refult  is  very  different  from  that  of 
Eouguer,  and  as  1 was  cautious  of  fuf- 
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pecting  the  truth  of  his  experiments,  I re- 
peated mine  with  common  glafs.  For  long 
telefcopes  water  can  alone  be  ufed  ; and  it  is 
Fill  to  be  feared  that  an  inconveniency  will 
fubfift,'  from  the  opacity  refulting  from  the 
quantity  of  liquor  whic  fills  the  interval  be- 
tween the  twoglalfes. 

The  longer  the  telefcope  the  greater  lofs  of 
light  will  enfue  ; fo  that  it  appears  at  firft  fight 
that  this  mode  cannot  be  ufed,  efpecially  for 
long  telefcopes  ; for  following  what  M.  Bou- 
guer  fays  in  his  Optical  Effay,  on  the  gradation 
of  light,  nine  feet  feven  inches  fea-water  di- 
minifhes  the  light  in  a relation  of  14  to  5 ; 
therefore  thefe  long  telefcopes,  filled  with  wa- 
ter, cannot  be  ufed  for  obferving  the  fun,  and 
the  flars  would  not  have  light  enough  to  be 
perceived  acrofs  a thicknefs  of  20  or  30  feet  of 
intermediate  liquor. 

Neverthelefs,  if  we  confider,  that  by  allow- 
ing only  an  inch,  or  an  inch  and  an  half,  for 
the  bore  of  an  objective  of  30  feet,  we  fhall 
very  diflinctly  perceive  the  planets  in  the  com- 
mon telefcopes  of  this  length  ; we  may  fup- 
pofc,  that  by  allowing  a greater  diameter  to  tEe 
objective  we  fiiould  augment  the  quantity  of 
light  in  the  ratio  of  the  fquare  of  this  diameter, 
and,  confequently,  if  an  inch  bore  fuffices  to 
fee  a ftar  diflinctly,  in  a common  telefcope, 
FI  h 2 three 
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three  inches  bore  would  be  fufficient  to  fee  it 
diftinctly  through  a thicknefs  of  10  feet  water, 
and  that  with  a glafs  of  three  inches  diameter, 
we  fliould  equally  fee  it  through  a thicknefs  of 
20  feet  water,  and  fo  on.  It  appears,  therefore, 
that  we  might  hope  to  meet  with  fuccefs  in 
conftructing  a telefcope  on  thcfe  principles  ; 
for,  by  increafing  the  diameter  of  the  objec- 
tive, we  partly  regain  the  light  loft  by  the  de- 
fect of  the  tranfparency  of  the  liquor. 

But  it  appears  to  me  certain,  that  a telefcope 
conftructed  on  this  mode,  would  be  very  ufeful 
to  obferve  the  fun  ; for,  by  fuppofing  it  even  the 
length  of  100  feet,  the  light  of  that  luminary 
would  not  be  too  ftrong  after  having  traverfcd 
this  thicknefs  of  water,  and  we  ftiould  be  ena- 
bled to  obferve  its  furface  eafily,  and  at  leifure, 
without  the  need  of  making  ufe  of  fmoked 
glafles,  or  of  receiving  the  image  on  pafteboard ; 
an  advantage  we  cannot  poflibly  derive  from 
any  other  telefcope. 

There  would  require  only  fome  trifling  dif- 
ference in  the  conftruction  of  this  folar  tele- 
fcope, if  we  wanted  the  whole  face  of  the  fun 
prefented;  for,  fuppofing  it  the  length  of  too 
feet,  in  this  cafe,  the  ocular  glafs  muft  be  ten 
inches  diameter  ^ becaufe  the  fun,  taking  up 
more  than  half  a celeftial  degree,  the  image 
formed  by  the  objective  to  its  focus  at  100  feet, 
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will  at  leaft  have  this  length  of  ten  inches ; and 
to  unite  it  wholly,  it  will  require  an  ocular 
glafs  of  this  breadth,  to  which  only  twenty 
inches  of  focus  fhould  be  given  to  render  it  as 
ftrong  as  poffible.  It  is  neceflary  that  the  ob- 
jective, as  well  as  the  ocular  glafs,  fliould  be 
ten  inches  diameter,  in  order  that  the  image  of 
the  fun,  and  the  image  of  the  bore  of  the  tele- 
fcope,  fhould  be  of  an  equal  fize  with  the 
focus. 

If  this  telefcope,  which  I propofe,fhouldonly 
ferve  to  obferve  the  fun  exactly,  it  would  be  of 
great  fervice  : for  example,  it  would  be  very 
curious  to  be  able  to  difcover  whether  there  are 
any  luminous  parts  larger  than  others  in  the 
fun ; if  there  are  inequalities  on  its  furface,  and 
of  what  kind  ; if  the  fpots  float  on  its  furface  ; 
or  whether  they  are  fixed  there,  &c.  The 
brightnefs  of  its  light  prevents  us  from  obferv- 
ing  this  luminary  with  the  naked  eye,  and  the 
different  refrangibility  of  its  rays  renders  its 
image  confufcd  when  received  in  the  focus  of 
an  objective  glafs,  or  on  pafleboard,  fo  that  the 
furface  of  the  fun  is  lefs  known  to  us,  than  that 
of  any  of  the  planets.  The  different  refran- 
gibility of  its  rays  would  not  be  nearly  cor- 
rected in  this  long  telefcope  filled  with  water , 
but  if  the  liquor  could,  by  the  addition  of  fiilts. 
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be  rendered  as  denfe  as  glafs,  it  would  then  be 
the  fame  as  if  there  was  only  one  glafs  to 
pafs  through  ; and  it  appears  to  me  that  infi- 
nitely more  advantage  would  refult  from  mak- 
ing ufe  of  thefe  telefcopes  filled  with  water, 
Utan  from  the  common  telefcopes  with  fmoked 
glalfes. 

Whether  that  would  or  would  not  be  the 
fadi,  this  however  is  certain,  that  to  obferve 
the  fun,  a telefcope  is  required  quite  different 
from  thofe  we  make  ufe  of  for  the  different 
planets  ; and  it  is  alfo  certain,  that  a particular 
telefcope  is  neceffary  for  each  planet,  propor- 
tionate to  their  intenfity  of  light,  that  is,  to  the 
real  quantity  of  light  with  which  they  appear 
to  be  enlightened.  In  all  telefcopes  the  ob- 
jectives are  required  as  large,  and  the  ocular 
glafs  as  flrong,  as  poffible,  and,  at  the  fame 
time,  the  diftance  of  the  focus  proportionated 
to  the  intenfity  of  the  light  of  each  planet. 
To  do  this  with  thegreatefl:  advantage,  it  is  re- 
quifite  to  ufe  only  an  objedtive  glafs  fo  much 
the  larger,  and  a focus  fo  much  the  thorter  as 
the  planet  has  light.  Why  has  there  not  hi- 
therto objedtive  glaffes  been  made  of  243  feet 
diameter  ? The  aberration  of  the  rays,  occa- 
fioncd  by  the  fphericity  of  the  glaffes,  is  the 
foie  caufe  of  the  conftifion,  which  is  as  the 
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fquare  of  the  diameter  of  the  tube ; and  it  is  for 
this  reafon  that  fpherical  glaiTes,  with  a fmall 
bore,  are  of  no  value  when  enlarged ; we  have 
more  light,  but  lefs  diftindion  and  clearnefs. 
Neverthelefs,  broad  fperical  glalTes  are  very 
good  for  night  telefcopes.  The  Englilh  have 
conftruded  telefcopes  of  this  nature,  and  they 
make  ufe  of  them  very  advantageoufly  to  fee 
veflels  at  a great  diftance  in  dark  nights.  But 
at  prefent,  as  we  know  how,  in  a great  mea- 
fure,  to  ccrredl  the  effedls  of  the  different  re- 
frangibility  of  the  rays,  it  feems,  that  we  fhould 
make  elliptical  or  hyperbolical  glaffes,  which 
would  not  produce  the  alteration  caufed  by  fphe- 
ricity,  and  which,  confequently,  would  be  three 
or  four  times  broader  than  fpherical  glaffes. 
There  is  only  this  mode  of  augmenting  to  our 
light  the  quantity  of  light  fent  to  us  from  the 
planets,  for  we  cannot  put  an  additional  light 
on  them,  as  we  do  on  objedls  we  obferve  with 
the  microfcope,  but  muft  at  leaft  employ  to 
the  greateft  poffible  advantage,  the  quantity  of 
light  with  which  they  are  illumined,  by  receiv- 
ing it  on  as  great  a furface  as  poflible.  This 
hyperbolical  telefcope,  which  would  be  com- 
pofed  only  of  one  lingle  large  objective  glafs, 
and  of  an  ocular  one  proportionate,  would  re- 
quire matter  of  the  greateft  tranfparency  ; and 
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we  fliould  unite  by  this  means  all  the  advan- 
tages pofllble,  that  is,  thofe  of  theacromatic  to 
that  of  the  elliptical  or  hyperbolical  telefcopes, 
and  we  fliould  profit  of  all  the  quantity  of  light 
each  planet  reflects  to  our  fight.  I may  be 
deceived,  but  what  I propofe  appears  to  be 
fufficiently  founded  to  recommend  its  execu- 
tion to  perfons  zealouily  attached  to  the  ad- 
vancement of  the  fciences. 

Employing  myfelf  thus  on  thefe  reveries, 
fome  of  which  may,  one  day  be  realized,  and 
on  which  hope  I publifl)  them,  I thought  of 
the  Alexandrian  mirror,  fpoken  of  by  fome  an- 
cient authors,  and  by  means  of  which  veflTels 
were  feen  at  a great  diftance  on  the  fea.  The 
mod  pofitive  paflage  I met  with  is  the  fol- 
lowing : 

“ Alexandria  ....  in  Pharo  vero  erat  fpecu- 
“ lum  e ferro  finico.  Per  quod  a longe  vide- 
“ bantur  naves  Grtecorum  advenientes  ; fed 
“ paulo  poflquam  Iflamifmus  invaluit,  fcilicet 
“ tempore  califatus  Walidfil : Abdi-l-melec, 
“ Chrifliani,  fraude  adhibita  illud  deleverunt. 
“ Abu-l-feda,  &c.  Deferiptio  iEgypti.” 

Having  dwelt  for  fome  time  thereon,  I have 
been  led  to  conclude,  i.  That  fuch  a mirror 
was  poflible  to  be  made.  2.  That  even  with- 
out a mirror  or  telefcope,  we  might  by  certain 
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difpofitions  obtain  the  fame  effect,  and  fee  vef- 
fels  from  land,  as  far,  perhaps,  as  the  curvature 
of  the  earth  -would  permit.  We  have  before 
obferved  that  perfons  whofe  fight  was  very 
good,  have  perceived  objects  illumined  by  the 
fun,  at  more  than  3400  times  their  diameter, 
and  at  the  fame  time  we  have  remarked,  tha«t 
the  intermediate  light  was  of  fuch  great  hurt  to 
that  of  diftant  objects,  that  by  night  a luminous 
object  is  perceived  at  ten,  twenty,  and  perhaps 
a hundred  times  greater  diftance  than  during 
the  day.  We  know  that  at  the  bottom  of  very 
deep  pits,  ftars  may  be  feen  in  the  day-time  ; 
why  therefore,  fhould  we  not  fee  veflels  illu- 
mined by  the  rays  of  the  fun,  by  placing  one’s 
felf  at  the  end  of  a very  long  dark  gallery, 
fituated  on  the  fea  fhore,  in  fuch  a manner 
as  to  receive  no  other  light  than  that  of  the 
diftant  fea,  and  the  vefiels  which  might  be 
thereon  ? This  gallery  would  be  only  an  hori- 
zontal pit,  which  would  have  the  fame  effect 
with  refpect  to  ftiips  as  the  vertical  pit  has  with 
refpect  to  the  ftars  ; and  it  appears  to  me  fo 
fimple,  that  I am  aftonifhed  it  has  never  before 
been  thought  of  and  tried.  It  feems  to  me, 
that  by  taking  the  time  of  the  day  for  our  ob- 
fervations  when  the  fun  fhould  be  behind  the 
VOL.  X.  I i gallery, 


242 


buffon’s 


gallery,  we  might  fee  them  from  the  dark  end 
of  it  ten  times  at  leaft  better  than  in  the  open 
light.  Now  a man  on  horfeback  is  eafily  dif- 
tinguiflied  at  a mile  diftance,  when  the  rays  of 
the  fun  fhine  on  him,  and  by  fupprcfllng  the 
intermediate  light  which  furrounds  us,  and 
darkening  our  fight,  we  Ihould  fee  him  at  leaft 
ten  times  farther  ; that  is  to  fay,  lo  miles. 
Ships,  therefore,  being  much  larger,  would  be 
feen  as  far  as  the  curvature  of  the  earth  would 
permit,  without  any  other  inftrument  than  the 
naked  eye. 

But  a concave  mirror,  of  a great  diameter, 
and  any  focus,  placed  at  the  end  of  a long 
black  tube,  would  have  nearly  the  fame  effect 
as  our  great  objective  glaffes  of  the  fame  dia- 
meter and  form  would  have  during  the  night, 
and  it  was  probably  one  of  thefe  concave 
mirrors  of  polifhed  ftecl  that  was  cftablifhcd 
at  the  port  of  Alexandria.  If  this  fteel  mirror 
did  really  exift  we  cannot  refufe  to  the  an- 
cients the  glory  of  the  firft  invention,  for  this 
mirror  can  be  only  effected  by  as  much  as 
the  light  reflected  by  its  furface  was  collected 
by  another  concave  mirror  placed  at  its  focus, 
ami  in  this  confiftsthc  effcncc  of  the  telefcope 
and  the  merit  of  its  conftruction.  Never- 
iheldi,  this  does  not  deprive  Newton  of  any 
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glory,  who  firft  renewed  the  almoft-forgotten 
invention.  As  the  rays  of  light  are  by  their 
nature  differently  refrangible,  he  was  inclined 
to  think  there  were  no  means  of  correfting  this 
effedl,  or,  if  he  had  perceived  thofe  means,  he 
judged  them  fo  difficult  that  he  chofe  rather  to 
turn  his  views  another  way,  and  produce,  by 
means  of  the  refledion  of  the  rays,  the  great 
effefts  which  he  could  not  obtain  by  their  re- 
fradfion  ; he,  therefore,  conflru^led  his  tele- 
fcope,  the  reflection  of  which  is  infinitely  fupe- 
rior  to  thofe  that  were  in  common.  The  beft 
telefcopes  are  always  dark  in  comparifon  of  the 
acromatic,  and  this  obfcurity  does  not  proceed 
only  from  the  defeiSl  of  the  polifh,or  the  colour 
of  the  metal  of  mirrors,  but  from  the  nature 
even  of  light,  the  rays  of  which  being  different- 
ly refrangible  are  alfo  differently  reflexible,  al- 
though in  much  lefs  unequal  degrees. 

Itftill  remains,  therefore,  to  bring  the  telc- 
fcope  to  perfe£lion,  and  to  find  the  manner  of 
compenfating  this  different  reflexibility,  as  we 
have  difcovered  that  of  compenfating  the  dif- 
ferent refrangibility. 

After  all,  1 imagine  that  it  will  be  well  per- 
ceived that  a very  good  day-glafs  may  be  made, 
without  ufing  either  glaffes  or  mirrors,  and 
funply  by  fuppreffing  the  furrounding  light,  by 
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means  of  a tube  150  or  250  feet  long,  and  by 
placing  ourfelves  in  an  obfcure  place.  The 
brighter  the  day  is,  the  greater  will  be  the  ef- 
fe£l.  I am  perfuaded  that  we  Ihould  be  able 
to  fee  at  15,  and  perhaps  20  miles  diftance. 
The  only  difference  between  this  long  tube  and 
the  dark  gallery,  which  I propofed,  is,  that  the 
held,  or  the  fpace  feen,  would  be  fmaller,  and 
precifely  in  the  ratio  of  the  fquare  of  the  bore 
of  the  tube  to  that  of  the  gallery. 
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OBSERVATIONS  AND  EXPERIMENTS  ON  TREES 
AND  OTHER  VEGETABLES, 


THE  phyfical  ftudy  of  Vegetables  is  one  of 
ihofe  fciences  which  require  a multiplicity  of 
obfervations  and  experiments  beyond  the  ca- 
pacity of  one  man,  and  mufl:  confequently  be  a 
work  of  time ; even  the  obfervations  are  feldom 
of  much  value  till  they  have  been  repeatedly 
made,  and  compared  in  different  places  and  fea- 
fons,  and  by  different  perfons  of  fimilar  ideas. 
It  was  in  this  view  that  M.  Buffon  united  with 
M.  Du  Hamel,  to  labour  in  concert  for  the 
eclairciffement  of  a number  of  phenomena, 
which  appeared  difficult  to  explain,  in  the  ve- 
getable kingdom,  and  from  the  knowledge  of 
W'hich  may  refult  an  infinity  of  ufeful  matters 
in  the  pradtice  of  agriculture. 

The  froft  is  fometimes  fo  intenfe  during 
winter  that  it  deflroys  almofl  all  vegetables, 
and  the  fcarcity  in  the  year  1709  was  a melan- 
choly proof  of  its  cruel  effects.  Seeds,  and 
fome  kinds  of  trees,  entirely  periflied,  while 
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ethers,  as  olive'",  and  almoft  all  fruit-trees,  (har- 
ed a milder  fate,  (hooting  forth  their  leaves, 
'their  roots  not  having  been  hurt  ; and  many 
large  trees,  which  were  more  vigorous,  (hot 
forth  every  branch  in  fpring,  and  did  not  appear 
to  have  fufFered  any  material  injury.  We  (hall, 
neverthelefs,  remark  on  the  real  and  irreparable 
damage  this  winter  occafioned  them. 

Frofl-,  which  can  deprive  us  of  the  mod  ne- 
ceflTary  articles  of  life,  deftroy  many  kinds  of 
tifeful  trees,  and  fcarcely  ever  leaves  one  iri- 
fenflble  of  its  rigour,  is  certainly  one  of  the 
mod  formidable  misfortunes  of  human  nature  ; 
therefore  we  have  every  reafon  to  dread  from 
intenfe  frofls,  which  might  reduce  us  to  the  lafl: 
extremities  if  their  feverities  were  frequent  ; 
but  fortunately  we  can  quote  only  two  or  three 
winters  which  have  produced  fo  great  and  ge- 
neral a calamity  as  that  in  1709. 

The  greateft  fpring  frods,  although  they 
ilamage  the  grain,  and  principally  barley, 
when  it  is  but  jud  eared,  never  occafion  great 
fcarcities.  They  do  not  affedf  the  trunks  or 
branches  of  trees,  but  they  totally  dedroy  their 
productions,  deprive  us  of  the  harved  of  the 
vines  and  orchards,  and  by  the  fuppredion 
of  new  buds  caufe  a confiderable  damage  to  , 
foreds. 

Although 
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Although  there  are  fome  examples  of  winter 
frofts  having  reduced  us  to  a fcarcity  of  bread, 
and  deprived  us  of  vegetables,  the  damage  which 
fpriitg  trolls  occafion  becomes  ftill  more  im- 
portant, becaufe  they  afflidl  us  more  frequent, 
and  their  etfedls  are  felt  almoft  every  year. 

To  confider  froft,  even  very  fuperficially, 
we  muft  perceive  that  the  effedls  produced  by 
the  fharp  frofts  of  winter  are  very  different 
from  what  are  occafioned  by  thofe  in  fpring, 
fince  the  one  attacks  the  body  and  moft  folid 
part  of  trees,  whereas  the  other  fimply  deftroys 
their  produdlions,  and  oppofes  their  groyvth  ; 
at  the  fame  time  they  aft  under  quite  different 
circumftances  ; and  it  is  not  always  the  ground 
in  which  the  winter  frofts  produce  the  greateft 
diforders,  as  that  generally  fuffers  moft  from 
thofe  in  the  fpring  frofts. 

It  was  from  a great  number  of  obfervations 
that  we  have  been  able  to  make  this  diftinftion 
of  the  effefts  of  frofts,  and  which  we  hope  will 
not  be  fimply  curious,  but  prove  of  utility, 
and  be  profitable  to  agriculture,  and  that  if 
they  do. not  wholly  put  us  in  a method  of  ef- 
caping  from  the  evils  occafioned  by  froft,  -they 
will  afford  a means  to  guard  againft  them. 
We  fiiall,  therefore,  enter  upon  the  detail, 
beginning  with  that  which  regards  the  fliarp 
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frofts  of  winter  : of  thefe,  however,  we  can- 
not reafon  with  fo  great  a certainty  as  on  thofe 
of  fpring,  becaufe,  as  we  have  already  obferv- 
ed,  we  are  feldom  fubjefted  to  their  tragical 
effedls. 

Moll  trees  during  winter  being  deprived  of 
bloffoms,  fruits,  and  leaves,  have  generally  their 
buds  hardened  in  a (late  of  fupporting  very 
fharp  frofls,  unlefs  the  preceding  fummer  was 
cool,  in  which  cafe  the  buds  not  being  arrived 
to  that  degree  of  maturity,  which  gardeners  call 
acutes*,  they  are  not  in  a ftate  of  refilling  the 
moderate  frofts  of  winter ; but  this  feldom 
happens,  the  buds  commonly  ripening  before 
winter,  and  the  trees  endure  the  rigour  of  that 
feafon  witliout  being  damaged,  unlefs  excelTive 
cold  weather  enfues,  joined  to  the  circumftances 
hereafter  mentioned. 

We  have,  neverthelefs,  met  with  many  trees 
in  forells  with  confiderable  defedls,  certainly 
produced  by  the  lharp  frofts,  and  which  will 
never  be  effaced. 

Thefe  defe£ls  are,  ift,  chaps  or  chinks, 
which  follow  the  dire£lion  of  the  fibres.  2.  A 
portion  of  dead  wood  included  in  the  good ; 
and  laftly,  the  double  fap,  which  is  an  entire 
crown  of  imperfect;  wood.  We  muft  dwell 

a little 
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a little  on  thefe  defe£ls  to  trace  the  caufes  from 
whence  they  proceed. 

The  fappy  parts  cff  trees  is,  as  is  well  known, 
a crown  or  circle  of  white  and  imperfedl  wood 
of  a greater  or  lelfer  thicknefs,  and  which  in 
almoft  all  trees  is  eafily  diftinguifhed  from  the 
found  wood,  called  the  heart,  by  the  difference 
of  its  colour  apd  hardnefs  ; it  is  found  imme- 
diately under  the  bark,  and  furrounds  the  per- 
fe£l  wood,  which  in  found  trees  is  nearly  of  the 
fame  colour,  from  the  circumference  to  the 
centre.  But  in  ihofe  we  now  fpeak  of  the  per- 
fe6t  wood  was  feparated  by  another  circle  of 
white  wood,  infomuch,  that  on,  cutting  the 
trunks  of  them  we  faw  alternatively  circles  of 
fap  and  perfect  wood,  and  afterwards  a clump 
of  the  latter,  which  was  more  or  lefs  confider- 
able,  according  to  the  different  foils  and  fitua- 
tions ; iq  ftrong  and  foreff  earth  it  is  more 
fcarce  than  in  glades  and  light  earth. 

By  the  mere  infpection  of  thefe  cinctures  of 
white  wood,  which  we  in  future  fhall  term 
falje  fap,  we  could  perceive  it  to  be  of  bad  qua- 
lity-, neverthelefs,  to  be  certain  thereof,  we  had 
feveral  planks  fawed  two  feet  in  length,  by 
nine  to  ten  inches  fquare,  and  having  the  like 
made  from  the  true  fap,  we  had  both  loaded  in 
the  middle,  and  thofe  of  the  falfe  fap  always 
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broke  under  a lefs  weight  than  thofe  of  the 
true,  though  the  ftrengih  of  the  true  fap  is 
very  trivial  in  comparifoiTwith  that  of  formed 
wood. 

We  afterwards  took  feveral  pieces  of  thefe 
two  kinds  of  fap,  and  weighed  them  both  in  the 
air  and  water,  by  which  we  difcovered  that  the 
fpecific  weight  of  the  natural  fap  was  always 
greater  than  that  of  the  falfe.  We  then  made 
a like  experiment  with  the  w'ood  of  the  centre 
of  the  fame  trees,  to  compare  it  with  that  of 
the  cincture  which  is  found  between  thefe  two 
faps,  and  we  difcovered  that  the  difference  was 
nearly  the  fame  as  is  naturally  betwixt  the 
weight  of  the  wood  of  the  centre  of  all  trees 
and  that  of  the  circumference;  thus  all  that  is 
become  perfect  wood  in  thefe  defective  trees  is 
found  nearly  in  the  common  order.  But  it  is 
not  the  fame  with  refpect  to  the  falfe  fap,  fmce, 
as  thefe  experiments  prove,  it  is  weaker,  foftcr, 
and  lighter  than  the  true  fap,  although  formed 
20,  nay  25  years  before,  which  we  difcovered 
to  be  the  fact,  by  counting  the  annual  circles,  as 
well  of  the  fap  as  of  the  wood  which  covered 
it  ; and  this  obfervation,  which  we  have  re- 
peated on  a number  of  trees,  inconteftibly 
proves  that  thefe  defects  had  beencaufed  by  the 
hard  froft  of  1709,  notwithflanding  the  num- 
ber 
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ber  of  fome  of  their  coats  were  lefs  than  the 
years  which  had  paflTed  fince  that  period  ; and 
at  which  we  mufl:  not  be  fiirprrfed,  not  only 
becaufe  we  can  never,  by  the  number  of  lig- 
nous  coats,  find  the  age  of  trees  within  three  or 
four  years,  but  alfo  becaufe  the  firfi:  lignous 
coats,  formed  after  that  froft,  were  fo  thin  and 
confined,  that  we  cannot  very  exactly  difiin- 
guilli  them. 

Jt  is  alfo  certain,  that  it  was  the  portion  of 
the  trees  that  were  in  fap  in  the  hard  froft  of 
1709,  which  inftead  of  eoming  to  perfection, 
and  converting  itfelf  into  wood,  became  more 
faulty.  Befides,  it  is  more  natural  to  fuppofe, 
that  the  fandy  part  muft  fuffer  more  from  fharp 
frofts  than  found  wood  : becaufe  it  is  not  only 
at  the  external  part  of  the  tree,  and  therefore 
more  expofed  to  the  weather,  but  alfo  becaufe 
the  fibres  are  more  tender  and  delicate  than  the 
wood.  All  this  at  firft  appears  to  wear  but 
little  difficulty,  neverthelefs,  the  objection  re- 
lated in  the  hiftory  of  the  Academy  of  Sci- 
ences, anno  1710,  might  be  here  adduced  ; as 
by  thofe  objections  it  appears  that  in  1709,  the 
young  trees  much  better  endured  the  hard  froft 
than  old.  But  as  thefe  facts  are  certain,  there 
muft  be  fome  difference  between  the  organic 
parts,  the  veffels,  the  fibres,  &c.  of  the  fappy 
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part  of  the  old  trees  and  that  of  the  young ; they 
perhaps  will  be  more  fupple,  infomuch,  that  a 
power  which  will  becapableof  caufing  thcono 
to  break,  will  only  dilate  the  other. 

But  as  thefe  are  matters  with  which  the 
mind  remains  but  little  fatisfied,  we  fhall  pafs 
nightly  over  thefe  conjectures,  and  content  oiir- 
felves  with  the  particulars  we  have  well  ob.^ 
ferved.  That  this  fappy  part  fuiFercd  greatly 
from  the  froft  is  an  inconteflible  fact,  but  has 
it  been  entirely  diforganized  ? This  might 
happen  without  the  death  of  the  tree  enfuing, 
provided  the  bark  remained  found  ^ and  even 
vegetation  might  continue.  Willows  and  limes 
frequently  fublift  only  by  their  bark,  and  the 
fame  thing  has  been  fecn  at  the  nurfery  of 
Roule  on  an  orange  tree. ' But  we  do  not  think 
that  the  falfe  fap  is  dead,  becaufd'  it  always  ap- 
peared to  us  in  quite  a different  date  from  the 
fap  found  in  trees,  which  had  a portion  of  dead 
wood  included  in  the  found;  befidcs,  if  it  had 
been  diforganized,  as  it  extends  over  the  whole 
circumference,  it  would  have  interrupted  the 
lateral  motion  of  the  fan,  and  the  wood  of  the 
centre,  not  being  able  to  vegetate,  would  have 
alfo  perifired  and  altered,  which  was  not  the 
cafe,  and  which  1 could  confirm  by  a number 
of  experiments  ; however,  it  is  not  eafily  con- 
ceived 
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ceived  how  this  fappy  part  of  wood  has  been 
changed  fo  far  as  not  to  become  wood,  and  that 
far  from  being  dead,  it  was  even  in  a ftate  of 
fupplying  the  lignoiis  coats  withfap,  which  are 
formed  from  above  in  a date  of  pcrfedtion, 
which  may  be  compared  to  the  wood  of  trees 
that  have  fiiffered  no  accident.  This  miift  ne- 
verthelefs  have  been  done  by  the  hard  winter 
which  caufed  an  incurable  malady  to  this  part 
of  the  tree,  for  if  it  was  dead,  as  well  as  the 
bark  which  cloathed  it,  it  is  not  doubtful  but 
that  the  tree  would  have  entirely  periihed, 
which  happened  in  1709  to  many  trees  whofe 
bark  was  detached  from  them,  and  which  by 
the  remaining  fap  in  their  trunk,  fhot  forth 
their  buds  in  fpring,  but  died  through  weak- 
nefs  before  autumn,  for  want  of  receiving  fuf- 
ficient  nutriment  to  fubfift  on. 

We  have  met  with  feme  of  thefe  falfe  fappy 
part  of  trees  whicli  were  thicker  on  one  fide 
than  the  other,  and  which  furprifingly  agrees 
v/ith  the  moft  general  ftate  of  the  fap.  We 
have  alfo  feen  others  very  thin,  fo  that  appa- 
rently there  were  only  the  outer  co^ts  injured, 
Thefe  were  not  all  of  the  fame  colour,  had  not 
undergone  an  equal  alteration,  nor  were  equally 
affeefted,  which  agrees  with  what  we  have  be- 
fore advanced.  At  length,  we  dug  at  the 
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foot  of  fome  of  thefe  trees,  to  fee  if  the  defe£l 
exifted  alfo  in  the  roots,  but  we  found  them 
found  : therefore,  it  is  probable,  that  the  earth 
which  covered  them  had  repaired  the  injury 
done  by  the  froft. 

Here  then  we  fee  one  of  the  moft  dreadful 
effefls  of  winter  frofts,  which  though  locked  up 
within  the  tree,  is  not  lefs  to  be  feared,  fince  it 
renders  the  trees  attacked  by  them  almoft  iife- 
lefs;  but,  befides  this,  it  is  very  difficult  to  meet 
with  trees  totally  exempt  from  thefe  injuries  ; 
and  indeed  all  whofe  wood  is  not  of  a deeper 
colour  at  the  centre,  growing  fomewh'at  lighter 
towards  the  fap,  may  be  fufpedted  of  having 
fome  defeats,  and  ought  not  to  be  made  ufe  of 
in  any  matter  of  confequence. 

By  horizontally  fawing  the  bottom  of  trees, 
we  fometimes  perceive  a piece  of  dead  fap  or 
dried  bark,  entirely  covered  by  the  live  wood  : 
this  dead  fap  occupies  nearly  half  of  the  cir- 
cumference in  the  parts  of  the  trunk  where  it 
is  found : it  is  fometimes  browner  than  good 
wood,  and  at  others  almoft  white.  By  the 
depth  alfo  where  this  fap  is  found  in  the  trunk, 
it  appears  to  have  been  occafioned  by  the  fharp 
froft  in  winter,  by  which  a portion  of  the  fap 
and  bark  was  periftied,  and  afterwards  covered 
by  the  new  wood  j for  this  fap  is  almoft  always 
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found  expofed  to  the  fouth,  where  the  fun 
melting  the  ice,  a humidity  refults,  which  again 
freezes  foon  after  the  fun  difappears,  and  that 
forms  a true  ice,  which  is  well  known  to  caufe 
a confiderable  prejudice  to  trees.  This  defe<9; 
does  not  always  appear  throughout  the  whole 
length  of  the  trunk,  for  we  have  feen  many 
fquare  pieces  which  feemed  perfe£lly  exempt 
from  all  defefts,  nor  were  the  injuries  of  the 
froft  difcovered  until  they  were  flit  into  planks. 
It  is,  neverthelefs,  eafily  to  be  conceived,  how 
fuch  a diforder,  in  their  internal  parts,  muft 
diminifli  their  ftrength,  and  aflifl;  their  perifli- 
ing. 

In  forefts,  or  woods,  we  meet  with  trees 
which  ftrong  winter  frofts  have  fp'lit  according 
to  the  diredlion  of  their  fibres,  thefeare  marked 
with  a ridge  formed  by  the  cicatrice  that  covers 
the  cracks,  but  which  remain  within  the  trees 
without  uniting  again ; becaufe  a re-union  is 
never  formed  in  the  lignous  fibres  when  they 
have  been  divided  or  broken  ; nor  can  it  be 
doubted,  but  that  the  fap,  which  increafes  in 
volume  when  it  freezes,  as  all  liquors  do,  may 
produce  many  of  thefe  cracks.  But  we  alfo 
fuppofe  there  are  fome  which  are  independent 
of  the  froft,  and  which  have  been  occafioned 
by  a too  great  abundance  of  fap. 
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Be  this  as  it  may,  the  fa£t  is,  we  have  found 
fuch  defedtsin  all  foils,  and  in  all  expofitions, 
but  moft  frequently  in  wet  ground  in  northern 
and  weftern  expofitions  ; the  latter  may  perhaps 
proceed  in  cafes  when  the  cold  is  more  intenfe, 
to  fuch  expofitions  ; and  in  the  other,  from  the 
trees  which  are  in  marfliy  grounds,  having  the 
tifl'ue  of  their  lignous  fibres  weaker,  and  be- 
caufe  their  fap  is  more  abundant  and  aqueous 
than  in  dry  land  ; which  may  be  the  caufe  that 
the  effedl;  of  the  rarefadlion  of  liquors  by  the 
pores  is  more  perceptible,  and  more  in  a ftate 
of  diminifliing  the  lignous  fibres,  asthev  bring 
lefs  refiflance  thereto. 

This  reafoning  feems  to  be  confirmed  by 
another obfervation;  namely,  that  refinous  trees, 
as  the  fir,  are  feldom  injured  by  the  fharp  frofts 
of  winter,  evidently  from  their  fap  being  more 
refinous  ; for  we  know  that  oils  do  not  per- 
fedtly  freeze,  and  that  inftead  of  augmenting 
in  volume,  like  water,  in  frofty  weather,  they 
diminilh  when  they  congeal. 

Dr.  Hales  fays  in  his  Vegetable  Slatks,  p.  16. 
That  the  plants  which  tranfpire  the  lead:,  are 
thofe  which  bed  refid  the  winter;  becaufe  they 
have  need  only  of  a fmall  quantity  of  nu- 
triment to  preferve  themfelves.  He  fays, 
likewife  in  the  fame  part,  that  the  plants, 
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■which  preferve  their  leaves  during  -winter,  are 
thofe  which  tranfpire  the  lead ; neverthelefs, 
we  know  that  the  orange  tree,  the  myrtle,  and 
dill  more  the  jedamine  of  Arabia,  &c.  are 
•very  fenfible  of  frod,  although  thefe  trees  pre- 
ferve their  leaves  during  winter  ; we  mud, 
therefore,  have  recourfe  to  another  caufe  to 
explain  why  certain  trees  which  do  not  died 
their  leaves  in  winter,  fo  well  fupport  the 
(harped  frods. 

We  have  fawned  many  trees  attacked  with  this 
malady,  and  have  almod  always  found,  under 
the  prominent  cicatrice,  a depoOtof  fapor  rotten 
wood,  and  they  are  eafdy  didinguidied  from 
what  are  called  in  the  fored  terms,  finks  or  gut- 
ters, becaufe  the  defedls  which  proceed  from 
an  alteration  of  the  lignous  fibres,  which  is 
internally  produced,  occafion  no  cicatrice  to 
change  the  external  form  of  the  trees,  whereas 
the  chinks  produced  by  frods,  which  proceed 
from  a cleft  afterwards  covered  by  a cicatrice, 
make  a ridge  or  eminence  in  form  of  a cord, 
which  announces  the  internal  defedl. 

The  fharp  winter  frods  produce,  without 
doubt,  many  other  injuries  to  trees,  and  we 
have  remarked  many  defeats,  which  we  might 
attribute  to  them  with  great  probability  ; but, 
as  we  have  not  been  able  to  verify  the  fadf,  we 
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(hall  pafs  on  to  theefFe^ls  of  the  advantages  and 
difadvantages  of  different  expofitions  with  re- 
fpedl  to  froft ; for  this  queftion  is  too  in'erefling 
not  to  endeavour  its  elucidation,  efpccially  as 
various  authors  have  fupportcd  an  oppofition 
of  fentiment  more  capable  of  breeding  doubts 
than  increafing  our  knowledge.  Some  have 
infifted  that  the  froft  is  felt  more  ftrongly  at  the 
northern  expofuion,  W'hile  others  affert  it  is 
more  fenfible  to  the  fouth  or  weft,  and  all  thefe 
opinions  are  founded  on  a Tingle  obfervation. 
We  neverthelefs  perceive  what  has  caufed  this 
diverfity  of  opinions,  and  which  has  inclined  us 
to  reconcile  them.  But,  before  we  relate  the 
obfervations  and  experiments  which  have  led 
us  thereto,  it  is  but  juft  we  (liould  give  a more 
exadl  idea  of  the  queftion. 

It  is  not  doubted  but  that  the  greateft  cold 
proceeds  from  the  north,  for  that  is  in  the 
(hade  of  the  fun,  which  alone,  in  (harp  frofts, 
tempers  the  rigour  of  the  cold  ; befides  a fitua- 
tion  to  the  north,  is  expofed  to  the  north-eaft, 
and  north-weft  winds,  which  are  clearly  the 
moft  intenfe,  whether  we  judge  by  the  effedls 
which  thofe  winds  produce,  or  by  the  liquor  of 
the  thermometers,  whofv  decifion  is  much  more 
certain.  It  may  alfo  be  obferved  along  the 
efpaliers,  that  the  earth  is  often  frozen  and 
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hardened  all  the  day  towards  the  north,  while 
it  may  be  worked  upon  towards  the  fouth. 
Moreover  w’hen  a ftrong  froft  fucceeds  in  the 
night,  it  is  evident,  that  it  muft  be  much  colder 
in  the  part  where  it  is  already  formed,  than  in 
that  where  the  earth  is  warmed  by  the  fun;  this 
is  alfo  the  reafon  why,  even  in  hot  countries, 
we  fin(f  fnow  in  the  northern  expofition,  on 
the  back  of  lofty  mountains  : befides,  the  li- 
quor of  the  thermometer  is  always,  lower  at 
the  northern  expofition,  than  in  that  of  the 
fouth  ; therefore,  it  is  inconteftible,  that  it  is 
colder  there,  and  freezes  ftronger. 

It  is  therefore  certain,  that  all  the  accidents 
which  folely  depend  on  the  power  of  the  froft, 
will  be  found  more  frequently  at  the  northern 
expofition  than  elfewhere.  Eut  yet  it  is  not  al- 
ways the  great  powxr  of  the  froft  which  injures 
trees,  for  there  are  particular  accidents,  which 
caufe  a moderate  froft  to  do  them  more  preju- 
dice than  the  much  iharper,  when  they  happen 
in  favourable  circumftances.  Of  this  w'e  have 
already  given  an  example  in  fpeaking  of  that 
part  of  dead  wood  included  in  the  good,  which 
is  produced  by  the  hoar  froft,  and  is  found  moft 
frequently  in  the  expofitions  to  the  fouth  ; and 
it  is  alfo  to  be  obferved,  that  great  part  of  the 
diforders  produced  in  the  w'inter  of  1709,  are 
L 1 2 to 
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to  be  attributed  to  a falfe  thaw,  which  was 
followed  by  a froft  ftill  fliarper  than  what  had 
preceded  ; but  the  obfervations  we  have  made 
on  the  effedls  of  fpring  frofts  fupply  us  with 
many  fitnilar  examples,  which  inconteftibly 
prove  it  is  not  to  the  expofitions  where  it 
freezes  the  ftrongeft,  that  the  froft  commits  the 
greateft  injuries  to  Vegetables,  Not  to  dwell 
upon  aftertions  we  fhall  proceed  to  a detail  of 
facts,  which  ftiall  render  thefe  general  pofitions 
clear  and  apparent. 

In  the  winter  1734.  we  caufed  a coppice  in 
my  wood,  near  Montbard  in  Burgundy,  to  be 
cut,  which  meafured  one  hundred  and  fifty-four 
feet,  fituate  in  a dry  place  on  a flat  ground, 
furrounded  on  all  fides  with  cultivated  land. 
In  this  wood  we  left  many  fmall  fquare  pieces 
without  felling  them,  and  in  a manner  that  each 
equally  faced  fouth,  north,  eaft  and  weft.  Af- 
ter having  well  cleared  the  part  that  was  cut, 
we  obferved  carefully  in  fpring  the  growth  of 
the  young  buds  ; the  renewed  tops  on  the  20th 
of  April,  had  fenfibly  ftiot  out  in  the  parts  ex- 
pofed  to  the  fouth,  and  which  confequently 
were  (heltered  from  the  north  by  the  tufted 
tops  : thefe  were  the  firft  buds  that  appeared, 
and  were  the  moft  vigorous ; thofe  expofed  to 
the  eaft  appeared  next  ; then  thofe  of  the 
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■weft,  and  laftly  thofe  of  the  northern  expofi- 
tion.  On  the  28th  of  April  the  froft  was  very 
fharp  in  the  morning,  accompanied  by  a north 
wind,  the  fty  was  clear,  and  the  air  very  dry, 
and  in  which  manner  it  continued  for  three 
days.  At  the  end  of  which  I went  to  fee  in 
vvhat  ftate  the  buds  were  about  the  clumps, 
and  found  them  abfolutely  blackened  in  all  the 
parts  expofed  to  the  fouth  and  the  Ihelter  of  the 
north  wind,  whereas  thofe  which  were  expofed 
to  the  cold  north  wind,  which  ftill  blowed, 
were  only  flightly  injured  ; and  with  refpeft  to 
the  eaftern  and  weftern  expofitions,  tliey  were 
that  day  nearly  alike  injured. 

The  14th,  15th,  and  22d  of  May,  it  froze 
pretty  fharply,  accompanied  by  the  north  and 
north-weft  winds,  and  I then  likewife -obferved 
that  all  thofe  fheltered  from  the  wind  were  very 
much  injured,  but  that  all  expofed  thereto  had 
fuffered  but  very  little.  This  experiment  ap- 
peared decifive,  and  Ihewed  that  although  it 
froze  moft  ftrong  in  parts  expofed  to  the  north 
wind,  yet  the  froft  in  that  fttuation  did  the  leaft 
injury  to  vegetables. 

This  circumftance  is  certainly  oppofed  to 
common  prejudice:  but  it  is  not  lefs  the  fad, 
and  is  even  eafy  tobe  explained;  forthispurpofe’ 
it  isfufficient  to  pay  attention  to  circum.ftances 
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in  which  froft  a6t',  and  we  Hiall  difcovcr  that 
humidity  is  the  principal  caufe  of  its  f ffeds,  fo 
that  all  which  occafions  humidity  renders,  at  the 
fame  time,  the  froft  dangerous  to  vegetables,  and 
all  that  diflipates  humidity,  even  if  it  flionld  be 
done  by  increafing  the  cold  (for  every  thing 
that  dries  diminiflies  the  difafters  of  a froll) 
applies  towards  their  prefervation. 

We  have  often  remarked,  that  in  low  places, 
where  mifts  and  fogs  reign,  frofl:  is  felt  more 
fliarply,  and  oftener  than  elfewhere.  For  in- 
ftance,  in  autumn  and  fpring  we  have  feen  de- 
licate plants  frozen  in  a kitchen-garden,  in  a 
low  fituation,  whereas  the  like  plants  were  pre- 
ferved  fourrd  in  another  kitchen-garden  fitnated 
on  an  eminence.  So,  likewifc,  in  vallies  and 
low  forefts  the  wood  is  never  of  a beautiful 
vein,  nor  of  good  quality,  although  the  vallies 
are  often  by  much  the  bell  foil.  The  coppice 
wood  is  never  good  in  low  places,  although  it 
fhoots  forth  there  later  than  upon  high  places, 
but  which  is  occafioned  by  reafon  of  a frefli- 
nefs  always  concentered  therein.  When  I 
walked  at  night  in  the  wood  I felt  almoft  as 
much  heat  on  eminences  as  in  the  open  plains, 
but  in  the  vallies  I experienced  a fharp  and  un- 
comfortable cold.  Though  the  trees  (hoot  out 
the  lateft  in  ihofe  parts,  yet  the  (hoots  are  Hill 
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injured  by  the  froft,  which  fpoiling  the  princi- 
pal buds  obliges  the  trees  to  (lioot  forth  lateral 
branches,  and  thus  prevents  their  ever  becom- 
ing ftraight  and  handfome  trees  fit  for  fer- 
vice.  What  we  have  juft  advanced  muft  not 
only  be  underftood  of  deep  vallies,  which 
are  fufccptible  of  thofe  Tnconveniencies  from 
northern  expofitions,  or  thofe  inclofed  on  the 
fouthern  fide  in  the  form  of  an  alley,  in  which 
it  often  freezes  the  whole  year,  but  aifo  of  the 
fmalleft  vallies,  fo  that  by  a little  cuftom  we 
can  difeover  the  bad  figure  of  the  fhoots  from 
the  inclination  of  the  earth  ; this  I particularly 
obferved  on  the  28th  of  April,  1734;  on  that 
day  the  buds  of  all  the  trees,  from  one  year  up 
to  fix  or  feven,  were  frozen  in  all  the  lower 
places  ; w'hereas  in  the  high  and  uncovered 
places  there  were  only  the  fhoots  near  the  earth 
which  were  fo  ; the  earth  was  then  very  dry, 
and  the  humidity  of  the  air  did  not  appear 
to  have  greatly  contributed  to  this  injury. 
Neither  vines,  nor  the  trees  of  the  plain,  are 
fubjedl  to  froft,  which  might  lead  us  to  fuppofe 
they  are  iefs  delicate  than  the  oak  ; but  wc 
think  this  muft  be  attiibuted  to  the  humidity, 
which  is  always  greater  in  the  woods  than  in 
the  reft  of  the  plains,  for  we  have  obferved 
that  oaks  are  often  very  much  injured  from 
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frofls  in  forefts,  while  thofe  which  ate  in  the 
plains  are  not  hurt  in  the  leaf!:. 

Large  timbers,  even  on  eminences,  may 
caufe  the  young  trees  near  them  to  be  in  the 
fame  flate  as  if  at  the  bottom  of  a valley.  We 
have  alfo  remarked,  that  the  young  wood  near 
large  trees  is  often  more  injured  by  the  froft 
than  in  thofe  parts  remote  from  them,  as  in  the 
midrt:  of  fuch  woods,  where  a great  number  of 
branches  are  left,  it  is  felt  with  more  force  than 
in  thofe  which  are  open.  Now  all  thefe  dif- 
orders  arc  moft  confiderable  in  fuch  places,  for 
as  the  wind  and  fun  cannot  diflipate  the  tran- 
fpiration  of  the  earth  and  plants,  there  remains 
a confiderable  humidity,  which  caufes  a very 
great  prejudice  to  plants. 

We  have  alfo  remarked,  that  the  frofi;  is 
never  more  to  be  dreaded,  with  refpeft  to  the 
vine  flowers,  buds  of  trees,  &c.  than  when  it 
I'ucceeds  mifls,  or  even  rain,  however  flight, 
for  they  are  all  capable  of  enduring  a very  con- 
fiderable  degree  of  cold  without  being  damag- 
ed, when  it  has  not  rained  for  fome  time,  and. 
the  earth  is  dry. 

Frofls  likewife  a£l  more  powerfully  in  places 
newly  cultivated  than  in  others,  becaufe  the 
vapours,  which  continually  rife  from  the  earth, 
tranfpire  more  freely  and  abundantly  from  that 
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which  Is  newly  cultivated.  To  this  reafon  we 
muft,  however,  fubjoin  the  fa£l:,  that  plants, 
nev/Iy  fet,  fhoot  forth  more  vigoroiifly  than 
others,  which  renders  them  more  fenfible  and 
liable  to  the  efFedts  of  froft.  So  alfo  in  light 
and  Tandy  foil  the  froft  does  more  injury  than 
in  ftrong  land,  even  though  of  equal  drynefs, 
becaufe  more  exhalations  efcape  from  the  firft 
kind  of  earths  than  from  the  latter ; and  if  a 
vine  newly  dunged  is  moft  fubjeft  to  the  froft, 
it  arifes  from  the  humidity  which  efcapes  there- 
from. A furrow  of  vine  which  lies  along  a 
field  of  fainfoin,  peas,  &c.  is  often  all  deftroy- 
ed  by  the  froft,  while  the  reft  of  the  vine  is 
quite  healthy,  which  muft  certainly  be  attri- 
buted to  the  tranfpiration  of.  the  fainfoin,  or 
other  plants,  which  bring  a humidity  on  the 
fhoots  of  the  vine.  In  the  vine  alfo,  the 
branches  which  are  ftrong  and  cut  are  alw'ays 
lefs  injured  than  the  ftock  ; efpecially  when 
not  attached  to  the  props  as  they  are  then  agi- 
tated by  the  wind  which  dries  them. 

The  fame  thing  is  remarked  of  timber,  and 
I have  feen  in  copfes  all  the  buds  entirely  de- 
ftroyed  by  the  froft,  while  the  upper  fhoots  had 
not  received  the  leaft  damage  ; indeed  it  always 
appeared  that  the  froft  did  moft  injury  neareft 
to  the  earth,  commonly  within  one  or  two  teet, 
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infomuch  that  it  muft  be  very  violent  todeftrojr 
the  buds  higher  than  four. 

All  thefe  obfervations,  which  may  be  looked 
upon  as  very  conftant,  agree  to  prove  that  it 
is  not  the  (harpeft  frofts  which  do  the  greateft 
injury  to  plants,  but  that  they  are  affedled  in 
proportion  as  they  are  loaded  with  humidity, 
which  perfe£Uy  explains  why  the  froft  caufes 
fo  many  diforders  to  the  fouthern  expofition, 
although  it  fhould  be  lefs  cold  than  that  of  the 
north,  and  likewife  why  the  froft  caufes  more 
injury  to  the  northern  expofition,  when  after 
a rain  proceeding  from  a wefterly  wind  the 
wind  veers  to  the  north  towards  fun-fet,  as 
often  happens  in  fpring,  or  when,  by  an  eafter- 
ly  wind,  a cold  moift  air  arifes  before  fun-rife, 
which  is  not  fo  common. 

There  are  likewife  circumftances  where  the 

t 

firoft  does  moft  injury  to  the  eaftern  expofition; 
but  as  we  have  many  obfervations  on  that  fub- 
je£l  we  (hall  firft  relate  thofe  we  made  in  the 
fpring  froft  in  1736,  which  occafioned  fo  much 
damage.  It  having  been  very  dry  the  preceding 
winter  it  froze  for  a long  time  before  it  injured 
the  vines  ; but  it  was  not  fo  in  the  forefts, 
where  there  was  apparently  more  humidity. 
In  Burgundy  it  was  the  fame  as  in  the  foreft 
of  Orleans,  the  underwood  was  injured  very 
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early.  At  laft  the  froft  fo  greatly  increafed 
that  all  the  vines  were  deftroyed,  notwith- 
ftanding  the drynefsftill  continued;  but  inftead 
of  this  froft  doing  much  damage  under  the 
ftielter  of  the  wind,  thofe  parts  which  were 
Iheltered  were  the  only  ones  preferved,  in- 
fomuch,  that  in  many  clofes  furrounded  by 
walls  the  ftocks  along  the  fouthern  expofition 
were  very,  green,  while  all  the  reft  remained 
dry  ; and  in  two  quarters  the  vines  were  laved, 
the  one  by  being  iheltered  from  the  north  by 
a nurfery  of  afti-trees,  and  the  other  becaufe 
the  vineyard  was  ftocked  with  a number  of 
fruit-trees. 

But  this  effedl  is  very  rare,  and  is'  fuppofed 
only  to  have  happened  from  the  feafon  being 
dry,  and  becaufe  the  vines  had  refifted  the  wea- 
ther till  the  plants  had  became  fo  ftrong,  from 
the  time  of  the  year,  that  the  froft  could  not 
injure  them,  independent  of  the  external  hu- 
midity, and  other  particular  circumftances. 

But  there  are  other  caufes  to  be  afligned  for 
the  diforders  which  froft  produces  more  fre- 
quently to  the  eaft  than  to  the  weft,  and  which 
are  drawn  from  the  following  obfervations  : 

A fharp  froft  caufes  no  prejudice  to  plants 
when  it  goes  off  before  the  fun  comes  upon 
them  ; let  it  freeze  at  night,  if  the  morning  is 
Mm2  cloudy^ 
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cloudy,  or  a flight  rain  falls,  or,  in  one  word, 
if  by  any  caufe  whatever  the  ice  melts  gently, 
and  independent  of  the  aftion  of  the  fun,  it 
feldom  does  any  injury ; and  we  have  very  often 
faved  very  delicate  plants,  which  had  by  chance 
remained  expofed  to  the  frofts,  by  returning 
them  into  the  green-houfe  before  fun-rife,  or 
Amply  covering  them  before  the  fun  had  fhone 
upon  them. 

One  time  in  particular  a very  flbarp  froft 
happened  in  autumn  while  our  orange-trees 
were  out  of  the  green-houfe,  and  as  it  rained 
part  of  the  night  they  were  all  covered  with 
icicles  : but  this  accident  was  prevented  from 
doing  any  injury  by  covering  them  with  cloths 
before  the  fun  rofe,  fo  that  there  was  only  the 
young  fruit  and  the  moft  tender  ftioots  injured, 
and  we  are  perfuaded  they  would  all  have  been 
faved  if  the  covering  had  been  thicker. 

Another  time  our  geraniums,  and  many  other 
plants  which  cannot  bear  the  froft,  were  out, 
when  fuddenly  the  wind,  which  was  fouth- 
weft,  veered  to  the  north,  and  became  fo  cold 
that  the  rain-water,  which  fell  abundantly,  was 
frozen,  and  in  almoft  a moment  all  that  were 
expofed  to  the  air  were  covered  with  ice,  upon 
which  we  had  fcarcely  an  idea  but  that  all  our 
plants  were  irrecoverably  deftroyed  ; never- 
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thelefs  we  had  them  carried  to  the  furthermofl 
part  of  the  green- houfe,  fhut  up  the  windows, 
and  by  that  means  they  fuftained  but  little 
damage. 

This  kind  of  precaution  is  always  obferved 
with  regard  to  animals ; when  they  are  ftricken 
with  cold,  or  have  a limb  frozen,  great  care 
is  taken  not  to  expofethem  haftily  to  heat,  but 
they  are  rubbed  with  fnow,  dipped  in  water, 
or  buried  in  dung ; in  one  word,  the  greateft 
attention  is  paid  that  they  fhall  gradually  be 
brought  to  warmth.  It  is  almoft  certain,  with 
refpe£l  to  fruit  which  may  be  frozen,  that  if 
thawed  with  precipitation  it  invariably  pe- 
riflies,  whereas  it  fuffers  but  little  if  thawed 
gradually,  and  by  degrees. 

To  give  an  explanatioji  how  the  fun  pro- 
duces fo  many  diforders  on  frozen  plants,  fome 
have  imagined  that  the  ice,  by  melting,  is  re- 
duced into  fmall  fpherical  drops  of  water, 
which  form  fo  many  fmall  burning  mirrors 
when  the  fun  Ihines  thereon.  But  however 
fmall  the  form  of  a mirror  may  be,  it  can 
only  produce  heat  at  a diftance,  and  can  have 
no  effe£l  on  a body  it  touches  ; befides,  the 
fide  of  the  drop  of  water  v/hich  is  on  the  leaf 
of  a plant  is  flat,  which  removes  its  focus  to  a 
greater  diftance.  In  fhort,  if  thefe  drops  of 
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water  could  produce  this  effeft  why  fhould  not 
the  dew-drops,  which  are  alfo  fpherical,  pro- 
duce the  fame  r perhaps,  it  may  be  thought  that 
the  moll  fpirituous  and  volatile  parts  of  the  fap 
melting  the  firft,  they  evaporate  before  the  relt 
are  in  a ftate  of  moving  in  the  velfels  of  the 
plant,  which  might  decompofe  the  fap. 

But  in  general  it  may  be  faid,  the  frofl  in- 
creafing  the  volume  of  the  liquor,  bends  the 
vefTels  of  plants,  and  that  the  thaw  cannot  be 
performed  without  the  parts  which  compofe 
the  frozen  fluid  enter  into  motion.  This 
change  may  be  made  with  fufficient  gentlenefs 
not  to  break  the  moll  delicate  veflels  of  plants, 
which  will  by  degrees  return  to  their  natural 
tone,  and  then  the  plants  will  not  fuflfer  any 
injury  ; but,  if  it  is  done  with  precipitation, 
ihefe  velfels  will  not  be  able  to  retake  their  na- 
tural tone  fo  foon  after  having  fuffered  a vio- 
lent extenfion,  the  liquors  will  evaporate  and 
the  plant  remain  dry. 

Although  we  might  conclude  with  thefe 
conjedlures,  with  w'hich  feme  are  not  perfedlly 
fatisfied,  yet  w'c  may  be  alfured  that  it  always 
remains  conflant. 

I.  That  it  feldom  happens  with  regard  to 
.ft'iit,  either  in  fpring  or  winter,  that  the  plants 
are  injured  Amply  by  the  force  of  the  froll  and 
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independent  of  any  particular  circumflances, 
and  when  it  does  it  is  at  the  northern  expofaion 
that  plants  meet  with  the  greateft  injury, 

2.  In  frolly  weather,  which  lafts  feveraldays, 
the  heat  of  the  fun  melts  the  ice  in  fome  places 
for  a few  hours ; for  it  often  freezes  again  be- 
fore fun-tet,  which  forms  an  ice  very  preju- 
dicial to  plants,  and  it  is  obfervable  that  the 
fouthern  expofaion  is  more  fubjedi  to  this  in- 
convenience than  all  the  reft. 

3.  It  has  been  obferved,  that  fprlng  frofts 
principally  diforder  thofe  places  where  there  is 
humidity,  the  foils  which  tranfpire  much,  and 
bottoms  of  vallies,  in  general  all  places  which 
cannot  be  dried  by  the  wind  and  fun  are  there- 
fore the  moft  injured. 

In  (hort,  if,  in  fpring,  the  fun  which  ftiines 
on  frozen  plants  occafions  a more  confiderable 
damage  to  them,  it  is  clear  that  it  will  be  the 
eaftern  expofaion,  and  thofe  next  the  fouth 
which  W’ill  fuffer  moft. 

But  it  may  be  faid,  if  this  is  the  cafe,  we 
muft  no  longer  plant  to  the  fouthern  expofaion 
in  a-dos  (which  are  flopes,  or  borders  of  earth, 
thrown  up  in  kitchen  gardens  or  along  efpa- 
liers)  gilliflowers,  cabbages,  winter  lettuces, 
green  peas,  and  fuch  other  delicate  plants  as 
we  would  have  ftand  the  winter,  and  preferve 
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for  an  early  crop  in  fpring ; and  that  it  is  to  the 
northern  expofition  alone  we  muft  for  the  fu- 
ture plant  peach  and  other  delicate  trees.  It 
is  proper  to  deflroy  thefe  objedlions,  and  Ihew 
that  they  are  falfe  confequences  of  what  we 
have  advanced. 

Different  obje£ls  arc  propofed  when  we  fet 
plantsto  live  over  the  winter  inlhelters  expofed 
to  the  fouth,  and  fometimes  it  is  to  expedite 
vegetation : it  is,  for  example,  in  this  intention, 
that  along  efpaliers  we  plant  ranges  of  -lettuces, 
which  for  that  reafon  are  termed  winter  lettuces  ; 
thefe  will  tolerably  well  refifl:  the  froft  in  what- 
ever part  we  plant  them,  but  are  always  moft 
forward  in  this  expofition  ; at  other  times,  it 
is  to  preferve  them  from  the  rigour  of  this 
feafon,  with  an  intention  of  replanting  them 
early  in  the  fpring.  This  pra6lice  is  alfo  fol- 
lowed by  winter  cabbages,  which  are  fown  in 
this  feafon  along  an  efpalier  border.  Thefe 
kind  of  cabbages,  like  brocoli,  are  tender  and 
cannot  endure  the  froft,  and  would  often  perifh 
in  thefe  fhelters,  if  care  was  not  taken  to  cover 
them  during  the  ftiarp  frofts  with  ftraw  or  dung 
fupported  on  frames. 

To  forward  the  vegetation  of  fome  plants 
which  will  not  bear  the  froft,  as  green  peas,  &c. 
it  is  ufual  for  that  purpofe  to  plant  them  on 
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borders  expofed  to  the  fouth,  befides  which, 
they  are  defended  from  fharp  frofts  when  the 
weather  requires  it. 

It  iswell  known,  withoutdwelling  any  longer 
on  this  point,  that  the  fouthern  expofition  is 
more  proper  than  all  the  reft  to  accelerate  ve- 
getation, and  we  have  fliewn  that  this  is  alfo 
what  is  principally  propofed  when  fome  plants 
are  fet  in  that  expofition  to  live  over  the  win- 
ter, fmce,  in  addition,  we  are  alfo  obliged  to 
make  ufe  of  coverings  to  guard  thofe  plants 
w'hich  are  very  delicate  from  the  froft.  But  we 
muft  add,  that  if  there  are  fome  circumftances 
wherein  the  froft  caufes  more  diforders  to  the 
fouthern  than  to  other  expolitions,  there  are 
alfo  many  cafes  which  are  favourable  to  this 
expofition ; for  example,  in  winter,  when  there 
is  any  thing  to  fear  from  the  ice,  it  frequently 
happens  that  the  heat  of  the  fun,  increafed  by 
the  refledlion  of  the  wall,  has  fufficient  force  to 
diffipate  all  the  humidity,  and  then  the  plants 
are  almoft  perfedfly  fecure  againft  the  cold. 
Befides,  dry  frofts  often  happen,  which  uncea- 
fingly  aft  towards  the  north,  and  which  are 
fcarcely  ever  felt  towards  the  fouth.  In  fpring, 
likewife,  we  perceive  that  after  a rain  which 
proceeds  from  the  fouth-weft,  or  fouth-eaft,  if 
the  wind  changes  to  the  north,  the  fouthern 
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efpalier  being  under  the  fheltcr  of  the  wind, 
will  fuffer  more  than  the  reft  ; but  thefe  cafes 
are  very  rare,  and  moft  often  it  is  from  rains, 
which  come  from  the  north-eaft  or  north-weft 
that  the  wind  changes  to  the  north,  and  then 
the  fouthern  efpalier  having  been  under  ftielter 
from  the  rain  by  the  wall,  the  plants  there  will 
have  lefs  to  fuffer  than  the  reft,  but  alfo  be- 
caufe  it  is  always  lefs  cold  there  than  in  other 
expofitions.  It  is  likewife  to  be  obferved  that 
as  the  fun  dries  much  earth  along  the  efpaliers 
which  are  to  the  fouth,  the  earth  tranfpires  there 
lefs  than  elfewhere. 

It  is  well  known  that  what  we  have  juft  ad- 
vanced muft  have  its  application  with  refpedl 
to  peach  and  apricot  trees,  which  it  is  cufto- 
mary  to  put  in  this  expofition  and  in  that  of 
the  eaft.  We  ftiall  only  add,  that  it  is  not  un- 
cuftomary  to  fee  peach  trees  frozen  in  the  eaft 
and  fouthern  expofitions,  while  thofe  are  not 
fo  which  ftand  in  the  weft  or  north  ; but  not- 
withftanding  this,  we  can  never  rely  on  having 
many,  nor  good  peaches  in  this  laft  expofition, 
for  great  quantities  of  blolfom  fall  off  entirely 
without  fetting ; others,  after  having  fet  fall 
from  the  trees,  and  thofe  which  remain  with 
difficulty  arrive  to  maturity.  I have  an  efpalier 
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of  peach-trees  in  a weftern  expofition,  a little 
declining  to  the  north,  which  fcarcely  ever 
produce  any  fruit,  although  the  trees  are  hand- 
fomer  than  thofe  to  the  fouthern  and  northern. 
Therefore  we  cannot  avoid  the  inconvenlen- 
cies  with  refpeft  of  the  froft  in  the  fouthern 
expofition  without  feeling  others  that  are 
worfe. 

All  delicate  trees,  as  fig,  laurel,  &c.  muft  be 
fet  to  the  fouth,  and  great  care  taken  to  cover 
them ; it  is  only  requifite  to  remark  that  dry 
dung  is  preferable  for  this  purpofe  to  ftraw, 
becaufe  the  latter  not  only  does  not  fo  exadfly 
cover  them,  but  alfo  from  its  always  retaining 
fome  grain  which  attra£is  moles  and  rats,  w'ho 
fometimes  eats  the  bark  of  trees  to  quench  their 
thirft  in  frofty  weather,  when  they  can  meet 
with  no  water  to  drink,  nor  herb  to  feed  upon  ; 
and  however  fingular  this  may  appear,  it  is  a 
circumftance  which  has  happened  to  us  feveral 
times  ; but  when  dung  is  made  ufe  of  it  muft 
be  dry,  without  which  it  will  heat  and  make 
the  young  branches  grow  mouldy. 

All thefeprecautionsare,neverthelefs, very  in- 
ferior to  the  efpaliers  in  niches,  as  in  that  man- 
ner plants  are  Iheltered  from  all  w'inds,  except 
the  fouth,  which  cannot  hurt  them  ; the  fun, 
which  warms  thefe  places  during  the  day,  pre- 
vents the  cold  from  being  fo  violent  during 
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the  night  ; and  over  thefe  defended  places  we 
may  put  a flight  covering  with  great  facility, 
which  will  hold  the  plants  there  in  aftate  of  dry- 
nefs,  infinitely  proper  to  prevent  all  the  acci- 
dents which  the  fpring  frolls  and  ice  might  pro- 
duce ; and  mofl:  plants  will  not  fufFer  from  being 
deprived  of  their  external  humidity,  becaufe 
they  fcarcely  tranfpire  in  the  winter,  or  in  the 
beginning  of  fpring,  fo  that  the  humidity  of  the 
air  is  fufficient  for  their  fupply. 

But  fince  the  dew  renders  plants  fo  fufcep- 
tible  of  the  fpring  froft,  might  we  not  hope, 
that  from  the  refearches  of  MeflTrs.  Mufchen- 
brcck  and  Fay,  fome  plan  might  be  drawn  to 
prevent  the  bad  effedls  thereof?  for  fince  there 
are  fome  bodies  which  feem  to  attraft  dew, 
while  others  evidently  repel  it,  if  we  could 
paint,  plafter,  or  wafli  the  walls  with  fome 
matter  which  would  have  the  latter  efFedf,  it  is 
certain  we  fliould  have  room  to  expedf  a more 
fortunate  fuccefs  than  from  the  precaution 
taken  to  place  a plank  in  form  of  a roof  over 
the  efpaliers,  which  cannot  prevent  the  abun- 
dance of  dew  from  refting  on  trees,  fince  Fay 
has  proved  that  it  very  often  does  not  fall  per- 
pendicularly like  rain,  but  floats  in  the  air,  and 
attaches  itfelf  to  thofe  bodies  it  encounters  ^ 
fo  that  frequently  as  much  dew  is  amafTed 
under  a roof  as  in  places  entirely  open.  It 
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would  be  eafy  for  us  to  revife  all  our  obferva- 
tions,  and  continue  to  deduce  ufeful  confe- 
quences,  but  what  we  have  faid  muft  be  fuffi- 
cient  to  fliew  the  neceffity  for  rooting  up  all 
trees  which  prevent  the  wind  from  diflipating 
mills. 

Since  by  cultivating  the  earth  we  caufe  more 
exhalations  to  ilTue,  great  attention  Ihould  be 
paid  not  to  cultivate  them  in  critical  times. 

We  muft  exprefsly  declare  againft  fowing 
kitchen-plants  on  vine-lurrows,  as  by  their 
tranfpiration  they  hurt  the  wine. 

Props  Ihould  be  put  to  the  vines  as  late  as 
poftible.  The  hedges,  which  border  them  an 
the  north  fide,  Ihould  be  kept  lower  than  the 
reft.  It  is  preferable  to  improve  vines  with 
mould  rather  than  dung.  And  in  choofing  a 
foil  we  fhould  avoid  thofe  which  are  in  bot- 
toms and  grounds  which  tranfpire  much. 

A part  of  thefe  precautions  may  be  alfo 
ufefully  employed  for  fruit-trees;  with  refpedl, 
for  example,  to  plants  w'hich  gardeners  are 
forward  to  put  at  the  feet  of  their  bullies  and 
along  their  efpaliers. 

If  there  are  fome  parts  high  and  others  low- 
in  a garden,  we  Ihould  pay  attention  to  fow 
fpring  and  delicate  plants  on  elevated  parts,  at 
leaft  if  we  do  not  defign  to  cover  them  with 
glafles,  &c.  but  in  cafes  where  humidity  can- 
not 
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not  hurt  them  it  might  be  often  advantageous  to 
choofe  low  places,  where  they  might  be  fhel- 
tered  from  the  north  and  north-weft  winds. 

We  may  alfo  profit  from  what  has  been  faid 
to  the  advantage  of  forefts,  for  if  we  mean  to 
make  a referve  of  any  of  the  trees  it  fhould 
never  be  in  parts  where  the  froft  is  fevere ; and 
in  planting  we  fhould  pay  attention  to  put  in 
vallies  thofe  trees  which  can  endure  the  froft 
better  than  oak. 

When  any  confiderable  fall  of  timber  is 
made  we  fhould  make  them  in  roads,  beginning 
always  on  the  north  fide,  in  order  that  the  wind, 
which  generally  blows  in  frofty  weather,  may 
diftipate  that  humidity  which  is  fo  prejudicial 
to  the  underwood. 

There  might  be  alfo  many  other  ufeful  con- 
fequences  drawn  from  our  obfsrvations ; but 
we  fhall  content  ourfelves  with  having  re- 
counted fomc,  becaufe  the  ingenious  man  may 
fupply  what  we  have  omitted  by  paying  a little 
attention  to  the  obfsrvations  we  have  mention- 
ed. We  are  well  convinced  there  are  a great 
number  of  further  experiments  to  be  made  on 
this  matter  ; and  perhaps  even  thofe  we  have 
related  will  engage  fome  perfons  to  work  on 
the  fame  fnbjedl,  and  from  our  hints  fome  ge- 
neral and  ufeful  advantages  may  be  derived. 


ON 
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ON  THE  TEMPERATURE  OF  THE  PLANETS. 


THE  human  race  can  only  judge  of  the  na- 
ture and  extent  of  the  univerfe  by  the  fimple 
organ  of  fight.  To  that  the  earth  is  a folid 
body,  whofe  volume  is  unbounded,  and  whofe 
extent  is  without  limits,  of  which  men  can 
only  furvey  fmall  fuperficial  fpaces.  The  fun 
and  planets  fcem  to  be  luminous  points,  of 
which  the  fun  and  moon  appear  to  be  the  only 
objedls  worthy  regard  in  the  immenfity  of  the 
heavens.  To  this  falfe  idea  on  the  extent  of 
the  nature  and  proportions  of  the  univerfe  is 
joined  the  ftill  more  difproportionate  fentiment 
of  fuperiority.  Man,  by  comparing  himfelf 
with  other  terreftrial  beings,  feels  that  he  ranks 
the  firft,  and  hence  he  prefumes  that  all  was 
made  for  him  ; that  the  earth  was  created  only 
to  ferve  for  his  habitation,  and  the  heavens  for 
a fpeftacle ; that  in  fhort  the  whole  univerfe 
ought  to  yield  to  his  neceffities,  and  even  his 
pleafures.  But  in  proportion  as  he  makes  ufe 
of  that  divine  light,  v/hich  alone  enobles  his 
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being;  in  proportion  as  he  obtains  inftruftion, 
he  is  forced  to  abate  his  pretenfions  ; he  finds 
himfelf  leflTened  in  proportion  as  the  univerfe 
increafeson  his  ideas,  and  it  becomes  demon- 
ftrable  to  him,  that  the  earth,  which  forms  all 
his  domain,  and  on  which  unfortunately  he 
cannot  fubfifl;  without  trouble  and  forrow,  is  as 
fmall  with  refpedl  to  the  univerfe,  as  he  is  with 
refpeft  to  the  Creator.  In  fhort,  from  ftudy 
and  application,  he  finds  there  does  not  remain 
a polTible  doubt,  that  this  earth,  large  and  ex- 
tenfive  as  it  may  feem  to  them,  is  but  a mo- 
derate fized  planet,  a fmall  mafs  of  matter, 
which,  with  others,  has  a regular  courfe  around 
the  fun  : for  as  it  appears  our  globe  is  at  the 
diftance  of  at  lead  33  millions  of  leagues,  and 
the  planet  Saturn  at  313  millions,  the  natural 
conclufion  is,  that  the  extent  of  the  fun’s  em- 
pire is  a fphere,whofe  diameter  is  627  millions 
of  leagues,  that  the  earth,  relative  to  this  fpace, 
is  not  more  than  a grain  of  fand  to  the  volume 
of  the  globe. 

However,  the  planet  Saturn,  although  the 
fartheft  from  the  fun,  is  not  near  the  confines 
of  his  empire  : his  limits  extend  much  farther, 
fince  comets  pafs  over  fpaces  beyond  that  dif- 
tance, as  may  be  eflimated  by  the  period  of 
the  time  of  their  revolutions  : a comet  which 
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like  that  of  the  year  1680  circulates  round  the 
fun  in  575  years  muft  be  15  times  more  remote 
from  him  than  Saturn;  for  the  great  axis  of 
its  orbit  is  138  times  greater  than  the  diftance 
from  the  earth  to  the  fun.  Hence  we  muft  ftill 
augment  the  extent  of  thefolar  power  15  times 
the  diftance  from  the  fun  to  Saturn,  fo  that  all 
the  fpace  in  which  the  planets  are  included  is 
only  a fmall  province  of  his  domain,  whofe 
bounds  fhould  be  placed  at  leaft  138  times  his 
diftance  from  the  earth. 

What  immenfity  of  fpace ! What  quantity  of 
matter!  For  independent  of  the  planets,  there  is 
a probability  of  the  exiftence  of  400  or  50O  co- 
mets, perhaps  larger  thaii  the  earthy  which  run 
over  the  different  regions  of  this  vaft  fphere  in 
all  direftions,  the  terreftrial  globe  only  confti- 
tuting  a part  thereof,  a unity,  on  272,000,  a 
quantity  reprefented  by  numbers,  which  ima- 
gination cannot  attain  nor  comprehend. 

Neverthelefs,  this  enormous  extent,  this  vaft 
fphere,  is  yet  only  a very  fmall  fpace  in  the  im- 
menfity of  the  heavens ; each  fixed  ftar  is  a fun, 
a center  of  a fphere  equally  as  extenfive  ; and 
as  we  reckon  more  than  2000  of  thefe  fixed 
ftars  perceived  by  the  .naked  eye,  and  as  with 
telefcopes  we  can  difcover  fo  much  the  greater 
numberas  thefe  inftruraantsaremore powerful ; 
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the  extent  of  the  iiniverfe  appears  to  be  with- 
out bounds,  and  the  folar  fyftem  forms  only  a 
province  of  the  iiniverfal  empire  of  the  Crea- 
tor ; an  infinite  empire  like  himfelf. 

Sirius,  the  moft  brilliant  fixed  ftar,and  which 
for  that  reafon  may  be  regarded  as  the  neareft 
fun  toour’s,  affords  to  our  fight  only  a fecond 
of  annual  parallax  on  thewhole  diameter  of  the 
earth’s  orbit,  and  is  therefore  at  the  diftanceof 
6,767,216  millions  of  leagues  from  the  limits 
of  the,  folar  fyfiem,  fuch  as  we  have  afligned 
after  the  depth  to  which  comets  immerfe.  Sup- 
pofing  then,  there  is  an  equal  fpace  from  Sirius 
to  that  which  belongs  to  our  fun,  we  fhall  per- 
' ceive  that  we  mull  extend  the  limits  of  our 
folar  fyftem  742  times  more  than  it  is  at  pre- 
fent,  as  far  as  the  aphelion  of  the  comet,  whofe 
enormous  diftance  from  the  fun  is  neverthelefs 
only  a unit  on  742  of  the  total  diameter  of  the 
folar  fyftem. 


Diftance  from  the  earth  to  the  Sun 
Diftance  from  Saturn  to  thfe  Sun 


Leagues. 

33,000,000 

313,000,000 


DHtance  from  the  aphelion  of  the  Comet  to 
the  Sun  . _ . 


4554,000,000 

677,170,000,000 


Diftance  from  Sirius  to  the  Sun 


Diftance  of  Sirius  to  the  point  of  the  aphe- 
lion of  the  Comet,  fuppoftng  that  in  af- 
cending  from  the  fun  the  comet  point- 
ed directly  towards  Syrius  (a  fuppofition 
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which  diminifhes  the  diftance  as  much  as 
pofTible)  - - 6,767,216,000,000 

One  half  the  diftance  from  Sirius  to  the 
Sun,  or  the  depth  of  the  folar  and  fircin 
fyftem  ...  3,385,885,000,000 

Extent  beyond  the  limits  of  the  comet’s 

aphelion  - ...  3,381,331,000,000 

Which  being  divided  by  the  diftance  of  the 

comet’s  aphelion,  gives  about  . 742 

We  can  form  another  idea  of  our  inrmenfe 
diftance  from  Sirius,  by  recollefiing  that  the 
fun’s  difk  forms  to  our  fight  an  angle  of  32  mi- 
nutes, whereas  that  of  Sirius  forms  only  that  of 
a fecond ; and  Sirius  being  a fun  like  ours, 
which  we  ftiall  fuppofe  of  equal  magnitude, 
fince  there  is  no  reafon  to  conceive  it  larger  or 
fmaller,  it  would  appear  to  us  as  large  as  the 
fun,  if  it  was  but  a like  diftance.  Taking 
therefore  two  numbers  proportional  to  the 
fquare  of  32  minutes,  and  to  the  fquare  of  a 
fecond,  we  fhall  have  3,686,400  for  the  dif- 
tance of  the  earth  to  Sirius,  and  one  for  its 
diftance  to  the  fun  ; and  as  this  unit  is  equal 
to  33  millions  of  leagues,  we  fee  how  many 
millions  of  leagues  Sirius  is  diftant  from  us, 
fince  we  muft  multiply  thefe  33  millions  by 
3,686,400  ; and  if  we  divide  the  fpace  between 
thefe  two  neighbouring  funs,  although  at  fo 
great  a diftance,  we  ftiall  fee  that  the  comets 
might  be  removed  to  a diftance  1,800,000  times 
O o 2 greater 
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greater  than  that  of  the  earth  to  the  fun  with- 
out quitting  the  limits  of  the  folar  univerfe, 
and  without  being  fubjefled  to  other  laws  than 
that  of  our  fun,  and  hence  it  may  be  concluded 
that  the  folar  fyfteni  for  its  diameter  has  an 
extent,  which,  although  prodigious,  never- 
thelefs  forms  only  a very  fmall  portion  of  the 
heavens  ; and  we  muft  infer  a truth  therefrom 
but  little  known,  namely,  that  from  the  fun, 
the  earth,  and  all  the  other  planets,  the  Iky 
muft  appear  the  fame. 

When  in  a ferene  and  clear  night  we  con- 
template all  thofe  ftars  with  which  the  celeftial 
vault  is  illuminated,  it  might  be  imagined  that 
by  being  conveyed  into  another  planet  more  re- 
mote from  the  fun,  we  Ihould  fee  thefe  glitter- 
ing ftars  larger,  and  emitting  a brighter  light, 
fince  we  fliould  be  fo  much  nearer  to  them. 
Neverthelefs,  the  calculation  we  have  juft 
made  demonftrates  that  if  we  were  placed  in 
Saturn,  which  is  300  millions  of  leagues  nearer 
Sirius,  it  would  appear  only  an  124,021ft 
part  bigger,  an  augmentation  abfolutely  infen- 
fible  ; from  which  it  muft  be  concluded,  that 
the  heaven,  with  refpedl  to  all  the  planets,  has 
the  fame  afpe£las  it  has  to  the  earth.  There- 
fore if  even  there  ftiould  exift  comets  whofe 
periods  of  revolution  might  be  double,  or 
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treble  the  period  of  575  years,  the  longeft 
known  tons;  if  even  the  comets  in  confe- 
quence  thereof,  immerfe  at  a depth  ten  times 
greater,  there  would  ftill  be  a fpace  74  or  75 
times  deeper  to  reach  the  lalt  confines,  as  well 
of  the  folar  fyftem,  as  of  the  fyrian  ; fo  that 
by  allowing  Sirius  as  much  magnitude  as  our 
fun  has,  and  fuppofing  in  his  fyflem  as  many 
or  more  cometary  bodies  than  there  are  comets 
exifting  in  the  folar,  Sirius  will  govern  them 
as  the  fun  governs  his,  and  there  will  remain 
an  immenfe  interval  between  the  confines  of 
the  two  empires ; an  interval  which  appears 
to  be  no  more  than  a defart  in  the  vaft  fpace, 
and  which  muft  give  a fufpicion  that  cometary 
bodies  do  exifl,  whofe  periods  are  longer,  and 
which  are  to  a much  greater  diftance  than  we 
can  determine  by  our  a£lual  knowledge.  Sirius 
may  alfo  be  a fun  much  larger  and  more 
powerful  than  ours  ; and  if  that  is  the  cafe,  it 
muft  throw  the  borders  of  his  domain  fo  much 
the  farther  back  by  approaching  them  to  us, 
and  at  the  fame  time  retrench  the  circumfe- 
rence of  the  fun. 

I cannot  avoid  prefuming,  that  in  this  great 
number  of  fixed  ftars,  which  are  all  fo  many 
funs,  there  are  fome  greater  and  others  fmaller 
than  ours;  others  more  or  lefs  luminous,  fome 
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nearer,  which  are  reprefented  to  us  by  thofe 
ftars  called  by  2L{!tronomcrs,Jiars  of  ihe  firf  mag- 
nitude, and  many  others  more  remote,  which 
for  that  reafon  appear  to  us  fmaller.  The  ftars 
called  nebulous  feem  to  want  light  and  fire,  and 
to  be  only  half  lighted  ; thofe  which  appear 
and  difappear  alternatively  have,  perhaps,  a 
form  flattened  by  the  violence  of  the  centrifu- 
gal force  in  their  motion  of  rotation,  and  are 
perceivable  only  when  they  are  in  the  full,  dif- 
appearing  when  they  are  Tideways.  In  this 
grand  order  of  things,  and  in  the  nature  of  the 
ftars,  there  are  the  fame  varieties,  and  the  fame 
differences,  in  number,  fize,  fpace,  motion, 
form,  and  duration  ; the  fame  delation,  the 
fame  degrees,  and  the  fame  conneiSlion,  as  are 
found  in  all  the  other  orders  of  the  creation. 

Each  of  the  funs  being  endowed  like  ours, 
and  like  all  matter,  w'ith  an  attra£five  power, 
which  extends  to  an  indefinite  diftance,  and 
decreafes  as  the  fpace  increafes,  analogy  leads 
us  to  imagine  that  within  each  of  their  fpheres 
there  exifts  a great  number  of  opaque  bodies, 
planets,  or  comets,  which  circulate  round  them, 
but  which  being  much  fmaller  than  the  funs 
which  ferve  them  for  heat,  they  are  beyond  the 
reach  of  our  fight. 
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It  might  be  imagined  that  comets  pafs  from 
one  fyftem  to  the  other,  and  that  being  on  the 
confines  of  the  two  empires  they  would  be 
attradled  by  the  preponderating  power,  and 
forced  to  obey  the  laws  of  a new  mailer.  But, 
by  the  immenfity  of  fpace  which  is  beyond  the 
aphelion  of  our  comets,  it  appears  that  the 
Sovereign  Ruler  has  feparated  each  fyftem  by 
immenfe  defarts,  and  a thoufand  times  larger 
than  all  the  extent  of  known  fpaces.  Thefe  de- 
farts, which  numbers  cannot  fathom  the  depth 
of,  are  external  and  invincible  barriers,  that  all 
the  powers  of  created  nature  cannot  furmount. 
To  form  a comrnunication  from  one  fyftem  to 
the  other,  and  for  the  fubjedls  of  one  to  pafs 
into  the  other,  it  would  be  requifite  that  the 
centre  was  not  immoveable,  for  the  fun,  the 
head  of  the  fyftem,  changing  place,  would 
draw  with  it  in  its  courfe  all  the  bodies  which 
depend  thereon,  and  hence  might  approach  and 
invade  another  demefne.  If  its  rout  was  di- 
redled  towards  a weaker  ftar,  it  would  com- 
mence by  carrying  off  the  fubjefts  of  its  moft 
diftant  provinces,  afterwards  thofe  more  inte- 
rior, and  would  oblige  them  all  to  increafe  its 
train  by  revolving  round  it  ; and  its  neighbour 
thus  deprived  of  its  fubjedls,  no  longer  having 
planets  nor  comets,  would  lofe  both  its  light 

and 


288 


buffon’s 


and  fire,  M'hich  their  motion  alone  can  ex  Cite 
and  fupport  ; hence  this  detached  flar,  being 
no  longer  maintained  in  its  place  by  the  equili- 
brium of  its  forces,  would  be  obliged  to  change 
nutrition,  by  changing  nature,  and  becoming 
an  obfcure  body,  would,  like  the  reft,  obey  the 
power  of  the  conqueror,  whofe  fire  would  in- 
creafe  in  proportion  to  the  number  of  its  con- 
quefts. 

For  what  can  be  faid  on  the  nature  of  the 
fun  but  that  it  is  a body  of  prodigious  volume, 
an  enormous  mafsof  matter  penetrated  by  fire, 
which  appears  like  a metal  on  a folid  body  in 
incandefcence  ? And  from  whence  can  this  con- 
ftant  ftate  of  incandefcence,  this  continually 
renewed  produftion  of  fire  proceed,  whofe 
confummation  does  not  appear  to  be  fupported 
by  any  aliment,  and  w’hofe  deperdition  is  at 
leaft  infenfible,  although  conftant  for  fuch  a 
great  number  of  years  ? Is  there,  or  can  there 
be,  any  other  caufe  of  the  produ£lion  of  this 
permanent  fire,  but  the  rapid  motion  from  the 
ftrong  preffiire  of  all  bodies,  which  revolve 
round  this- common  heat,  and  which  heats  and 
embraces  it,  like  a wheel  rapidly  turned  round 
its  axis  ? The  prefiure,  which  they  exercife  by 
virtue  of  their  weight  is  equivalent  to  the 
fri£Uon,  and  even  more  powerful,  becaufe  this 


NATURAL  HISTORY.  2S9 

preflure  is  a penetrating  power,  which  not  only 
rubs  the  external  furface  but  all  the  internal 
parts  of  the  mafs  : the  rapidity  of  their  motion 
is  fo  great  that  the  fri£tion  acquires  a force 
almoft  infinite,  and  confequently  fets  the  whole 
mafs  of  the  axis  in  a ftate  of  incandefcence, 
light,  heat,  and  fire,  which  from  hence  has  no 
need  of  aliment  to  be  fupported,  and  which, 
in  fpite  of  the  deperdition  each  day  made  by 
the  emiffion  of  light,  may  remain  for  ever 
without  any  fenfible  alteration,  other  funs 
rendering  as  m.uch  light  to  ours  as  it  fends  to 
them,  and  no  part  of  the  fmalleft  atom  of  fire, 
or  any  other  matter,  being  loft  in  a fyftem 
where  all  is  attrafted. 

If  from  this  Ihetch  of  the  great  table  of  the 
heavens,  which  I have  only  attempted  to  re- 
prefent  to  myfelf  the  proportion  of  the  fpaces, 
and  that  of  the  motion  of  bodies  which  travel 
over  them  ; if  from  this  point  of  view,  to  which 
I only  railed  myfelf  to  fee  how  greatly  nature 
muft  be  multiplied  in  the  different  regions 
of  the  univerfe,  we  dcfcend  to  that  proportion 
of  fpace  which  we  are  better  acquainted 
with,  and  in  which  the  fun  exercifes  its  power, 
we  fliall  difcover,  that  although  it  governs  all 
bodies  therein,  it,  neverthelefs,  has  not  the 
voL,x.  P p power 
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power  of  vivifying  them,  nor  even  that  of 
fiipporting  life  and  vegetation. 

Mercury,  which  is  the  nearefl:  to  the  fun, 
iicvcrtlielefs  receives  only  a heat  400  times 
flronger  than  that  of  the  earth,  and  this  heat, 
fo  far  from  being  burning,  as  it  has  always 
been  fuppofed,  would  not  be  ftrong  enough  of 
itfelf  to  fupport  animated  nature,  for  the  adual 
heat  of  the  fun  on  the  earth  being  only  part 
of  the  heat  of  the  terreftrial  globe,  that  of  the 
fun  on  Mercury  confequently  is  only  y part  of 
the  adlual  heat  of  the  earth.  Now  if  parts 
were  fubtradled  from  the  heat  which  is  at  pre- 
fent  the  temperature  of  the  earth,  it  is  certain 
animated  nature  would  be  checked,  if  not  en- 
tirely extinguifhed.  Since  the  fun  alone  can- 
not maintain  organized  nature  in  the  nearefl: 
planet,  how  much  more  aid  mufl  it  require  to 
animate  thofe  at  a greater  diflance  ? To  Venus 
it  only  fends  a heat  yy  times  flronger  than  that 
it  fends  to  the  earth,  which  inflead  of  being 
flrong  enough  to  fupport  animated  nature, 
would  not  certainly  fuffice  to  maintain  the  li- 
quidity of  water,  nor  perhaps  evcn’the  fluidity 
of  air,  flnce  our  adlual  temperature  would  be 
refrigerated  to  'vhich  is  very  near  the  term 
yy  we  have  given  as  the  external  limit  of  the 
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ilightefl  heat,  relative  to  living  nature.  And 
with  refpeft  to  Mars,  Jupiter,  Saturn,  and  all 
their  fatellites,  the  quantity  of  heat  which  the 
fun  fends  to  them,  in  comparifon  with  that 
which  i§  neceflary  for  the  fupport  of  nature, 
which  may  be  looked  upon  as  of  little  effedl, 
cfpecially  in  the  two  larger  planets,  which,  ne- 
verthelefs,  appear  to  be  the  eflential  objeds  of 
the  folar  fyftem. 

'All  the  planets,  therefore,  have  always  been 
volumes  (as  large  as  ufelefs)  of  matter  more 
than  dead,  profoundly  frozen,  and  confequent- 
ly  places  uninhabited  and  uninhabitable  for 
ever  if  they  do  not  include  within  vhemfelves 
treafures  of  heat  much  fuperior  to  what  they 
receive  from  the  fun.  The  heat  which  our 
globe  pofTeires  of  itfelf,  and  which  is  50  times 
greater  than  that  which  comes  to  it  from  the 
fun,  is,  in  fad,  the  treafure  of  nature,  the  true 
fund  which  animates  us  as  well  as  every  being : 
it  is  this  internal  heat  of  the  earth  which  caufes 
all  things  to  germinate  and  to  develope ; it 
is  that  w'hich  conftitutes  the  element  of  fire, 
properly  called  an  element,  which  alone  gives 
motion  to  other  elements,  and  which  if  it  was 
reduced  to  could  not  conquer  their  refin- 
ance, but  would  itfelf  fall  into  an  inertia.  Now 
this  element,  this  foie  adive  power,  which 
P p 2 may 
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may  render  the  air  fluid,  the  water  liquid,  and 
the  earth  penetrable,  might  it  not  have  been 
given  to  the  terrefirial  globe  alone  ? Does  ana- 
logy permit  us  to  doubt  that  the  other  planets 
do  not  likewife  contain  a quantity  of  heat, 
which  belongs  to  them  alone,  and  which  muft 
render  them  capable  of  receiving  and  fupport- 
ing  living  nature  ? Is  it  not  greater  and  more 
worthy  the  jdea  we  ought  tohave  of  the  Creator, 
to  fuppofe  that  there  every  where  exifts  beings 
who  acknowledge  his  power  and  celebrate  his 
glory,  than  to  depopulate  all  the  univerfe,  ex- 
cepting the  earth,  and  to  dcfpoil  it  of  all  beings, 
by  reducing  it  to  a profound  folitude,  in  which 
we  fliould  only  find  a defart  fpace,  and  fright- 
ful mafles  of  inanimate  matter. 

Since  the  heat  of  the  fun  is  fo  fmall  on  the 
earth,  and  other  planets,  it  is  neceflary  they 
fhould  poflTefs  an  heat  belonging  folely  to  them- 
felves,  and  our  enquiry  muft  be  to  fee  from 
whence  this  heat  proceeds  which  alone  can 
conftitute  in  them  this  element  of  fire.  Now 
where  fhall  we  be  able  to  difcover  this  great 
quantity  of  heat  if  it  is  not  in  the  fource  itfelf, 
in  the  fun  alone?  for  the  matter  of  which  the 
planets  have  been  formed  and  projefted  by  a 
like  impulfion  will  have  preferved  their  mo- 
tion in  the  fame  direction,  and  their  heat  in 
« proportion 
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proportion  to  their  magnitude  and  denfity. 
Whoever  weighs  thefe  analogies,  and  con- 
ceives the  power  of  their  relations,  will  not 
doubt  that  the  planets  have  ifTued  from  the  fun 
by  the  ftroke  of  a comet,  becaufe  in  the  folai 
fyftem  there  are  only  comets  fufficiently  power- 
ful, and  of  fufficient  motion,  to  communicate 
a fimilar  impulfion  to  malTes  of  matter  which 
compofe  the  planets.  If  to  all  thefe  circuin- 
ftances  we  unite  that  of  the  innate  heat  of  the 
earth,  and  of  the  infufficiency  of  the  fun  to 
fupport  nature,  we  mufl:  reft  perfuaded,  that  in 
the  time  of  their  formation  the  planets  and 
earth  were  in  a ftate  of  liquefaction,  after- 
wards in  a ftate  of  incandefcence,  and  at  laft 
in  a fuccefhve  ftate  of  heat,  always  decreafing 
from  incandefcence  to  actual  temperance,  for 
there  is  no  other  mode  of  conceiving  the  origin 
and  duration  of  this  heat  proper  to  the  earth. 
How  to  imagine  that  the  fre,  termed  central, 
can  fubfift  at  the  bottom  of  the  globe  without 
air  (that  is,  without  its  firft  aliment,  and  from 
whence  this  fire  fhould  proceed,  which  is  fup- 
pofed  to  be  fluit  up  in  the  centre  of  the  globe) 
is  difficult,  bccaufe  what  origin,  \\hatfource, 
fhall  we  then  find  for  it  ? Defcartes  has  ima- 
gined the  earth  and  planets  were  only  fmall 
incrufted  funs,  in  other  words,  funs  entirely 
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exlingulfhed.  Leibnitzhas^not  licfitated  topro- 
iiouncethat  the  terreftrial  globe  owes  itsfource, 
and  the  confidence  of  its  matters,  to  the  ele- 
ment of  fire  ; yet  thefe  two  great  philofophers 
had  not  the  afiiffance  of  thefe  numerous  cir- 
cumdanccs  and  obfervations  which  have  been 
acquired  and  colledled  in  oiir  days,  and  which 
are  fo  well  edablifbed  that  it  appears  more  than 
probable  that  the  earth,  as  well  as  the  planets, 
were  projected  out  of  the  fun,  and  confequently 
of  a like  matter,  which  being  at  firft  in  a ffatc 
of  liquefadfion  obeyed  the  centrifugal  power, 
at  the  fame  time  as  it  coliccfled  itftdf  together 
by  that  of  atlra£lion,  which  has  given  a round 
form  to  all  the  planets  under  the  equator,  and 
flattened  under  tlie  poles,  by  reafon  of  the  va- 
riety of  their  rotation;  that  afterwards  this  fire 
being  gradually  difllpated,  the  benign  tempera- 
ture, fuitable  to  organized  nature,  fucceeded 
in  different  planets  according  to  the  difference 
of  their  thicknefs  or  denfity.  If  there  fliould 
be  other  particular  caufes  of  heat  afligned  for 
the  earth  and  planets,  which  might  combine 
with  thofe  whofe  eife£ls  we  have  calculated, 
our  refults  are  not  lefs  curious,  nor  lefs  ufcful 
to  the  advancement  of  fcience  ; and  we  Ihall 
here  only  obferve,  that  thofe  particular  caufes 
may  prolong  the  time  of  the  refrigeration  of 

the 
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the  globe,  and  the  duration  of  living  nature, 
beyond  the  terms  we  have  indicated. 

But  I may  be  afked  is  this  Theory  equally  as 
well  founded  in  every  point  which  ferves  for 
its  bafe  ; is  it  certain,  according  to  your  ex- 
periments, that  a globe,  as  large  as  the  earth, 
and  compofed  of  the  fame  matters,  cannot  re- 
frigerate from  incandefcence  to  adtual  tempe- 
rature in  lefs  than  74,000  years,  and  that  in 
order  to  become  heated  to  the  point  of  in- 
candefcence a 15th  ot  this  time  wotild  be  re- 
quired ; and  alfo  that  it  fhould  be  furrounded 
all  that  time  by  the  moft  violent  fire  ; hence 
you  may  fay  there  are  flrong  prefumptionsthat 
this  great  heat  of  the  earth  could  not  have  been 
communicated  to  it  from  a difiance,  and  that 
confequently  the  terreftrial  matter  formerly 
made  a part  of  the  mafs  of  the  fun  ; but  it  does 
not  appear  equally  proved  that  the  heat  of  this 
body  on  the  earth  is  at  prefent  but  P^rt 
of  the  heat  of  the  globe.  The  tefilmony  of 
our  fenfes  feems  to  refute  this  opinion,  which 
you  lay  down  as  a certain  truth,  for  although 
w'e  cannot  doubt  that  the  earth  has  an  innate 
heat,  which  is  demonfirated  by  its  always  equal 
temperature,  in  all  deep  places  where  the  cold- 

nefs  of  the  air  cannot  commtinicate  : vet  docs 

* «' 

it  refult  that  this  heat,  which  appears  of  a mo- 
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derate  temperature,  is  greater  than  that  6f  the 
fun  which  feems  to  burn  us  ? 

To  all  thefe  objedlions  I can  give  full  fatis- 
fa£l:ion,  but  muft  previoufly  refleft  on  the  na- 
ture of  our  fenfations.  A very  flight,  and  often 
imperceptible,  difference  in  the  caufes  which 
affeft  us,  produces  confiderable  ones  in  their 
effeiffs.  Is  there  any  thing  which  comes  nearer 
to  extreme  pleafure  than  grief?  and  who  can 
aflign  the  diftance  between  the  lively  fenfation 
by  which  we  are  moved  with  delight,  and  the 
fri£l;ion  which  gives  us  pain  ? between  the  fire 
which  warms  and  that  which  burns  ? between 
the  light  which  is  agreeable  to  our  fight  and 
that  which  blinds  us  ? between  the  favour 
which  pleafes  our  tafte  and  that  which  is  dif- 
agreeable  ? between  the  fmell  which  will  be 
agreeably  affeded  at  firft  by  a fmall  quantity 
and  yetfoon  afterbecome  naufeated?  We  muff 
therefore  ceafe  from  being  aftonilhed  that  a 
fmall  augmentation  of  heat,  fuch  as  3?^  fliould 
appear  fo  ftriking. 

I do  not  pretend  pofltively  to  affert  that  the 
innate  heat  of  the  earth  is  really  49  times 
greater  than  that  which  comes  to  it  from  the 
fun  : for  as  the  heat  of  the  globe  belongs  to  all 
terreftrial  matter,  we  have  no  portion  by  which 
w'e  can  feparate  it,  nor  confequently  any  fenfi- 

ble 
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ble  and  real  limits  to  which  we  might  relate  it. 
But  even  if  the  folar  heat  is  greater  or  fmaller 
than  we  have  fiippofed,  relative  to  the  terref- 
trial  heat,  our  theory  would  only  alter  the  pro- 
portion of  the  refults. 

For  example,  if  we  include  the  whole  extent 
of  our  fenfations  of  the  greatell;  heat  to  the 
greateft  cold,  within  the  limits  given  by  the 
obfervations  of  M.  Amontons,  that  is,  between 
feven  and  eight,  and  at  the  fame  time  fuppofe 
that  the  heat  of  the  fun  can  alone  produce  this 
difference  of  our  fenfations,  we  lhall  frotn 
thence  have  the  proportion  of  8 to  i of  the  in- 
nate heat  of  the  terreftrial  globe  to  that  which 
proceeds  from  the  fun  ; and  confequently  the 
compenfation  which  this  heat  of  the  fun  ac- 
tually makes  on  the  earth,  would  be  ^ and  the 
compenfation  which  it  made  in  the  time  of  in- 
candefcence  will  have  been  -g^o- : adding  toge- 
ther thefe  two  terms,  we  have  -5?—  which  mul- 
tiplied by  i2|,  the  half  of  the  fum  of  all 
the  terms  of  the  diminution  of  heat,  gives 
or  I for  the  total  compenfation  made  by 
the  fun’s  heat  during  the  period  of  74047 
years  of  the  refrigeration  of  the  earth  to  adlual 
temperature.  And  as  the  total  lofs  of  the  in- 
nate heat  is  to  the  total  compenfation  in  the 
fame  ratio  as  the  time  of  the  period  of  refri- 
VOL.  X.  Q^q  geration. 
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gcration,  we  fliall  have  25  : 1 | : : 74047  : 
4813  -A  > fo  that  the  refrigeration  of  the  globe 
of  the  earth  iiiftead  of  having  been  prolonged 
only  770  years,  would  have  been  4813  Vt 
years  ; which  joined  to  the  longefl;  prolonga- 
tion, the  heat  of  the  moon  would  alfo  produce 
in  this  fuppofition,  would  give  more  than  5000 
vears. 

If  we  adopt  the  limits  laid  down  by  M.  de 
Marian,  which  are  from  31  to  32,  and  fup- 
pofe  that  the  folar  heat  is  no  more  than  3-,  of 
that  of  the  earth,  we  fhall  have  only  | of  tliis 
prolongation,  about  1250  years,  inftead  of  770 
which  gives  the  fuppofition  of  which  we 
have  adopted. 

But  if  we  fuppofe  that  the  fun’s  heat  is  only 
of  that  of  the  earth,  as  appears  to  refult 
from  the  obfervations  made  at  Paris,  "we  fhould 
have  for  the  compenfation  of  the  incandefcence 
6-2V  o -2  -5-^  for  the  compenfation  to  the  end  of 
the  period  of  74047  years  of  the  refrigeration 
of  the  terreftrial  globe  to  a£tual  temperature, 
and  we  fhould  find  -n\~o  for  the  total'  compen- 
fation made  by  the  heat  of  the  fun  during  this 
period,  which  would  give  only  154  years,  or 
the  5th  part  of  770  years  for  the  time  of  the 
prolongation  of  refrigeration.  And  likewife, 
if  in  the  place  of  W'e  fuppofe  that  the  folar 
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heat  was  of  the  terreftrial,  we  Hioiild  find 
that  the  time  of  prolongation  would  he  five 
times  longer,  that  is,  3850  years  ; fo  that  the 
more  we  endeavour  to  increafe  the  heat  which 
comes  to  us  from  the  fun  relative  to  that  which 
emanates  from  the  earth,  the  more  we  lhall  ex- 
tend the  duration  of  nature,  and  date  the  an- 
tiquity of  the  w'orld  farther  back  ; for  by  fup- 
pofing  the  heat  of  the  fun  was  equal  to  the 
innate  heat  of  the  globe,  we  fhould  find  that 
the  time  of  prolongation  would  be  38504  years, 
which  confequently  gives  the  earth  a greater 
antiquity  of  38  or  39000  years. 

If  we  call:  our  eyes  on  the  table  which  M.  de 
Mairan  has  calculated  with  great  exadinefs, 
and  in  which  he  gives  the  proportion  of  the 
heat  which  comes  to  us  from  the  fun,  to  that 
which  emanates  from  the  earth  in  all  climates, 
we  {hall  difcover  a well  attefted  fail,  which  is, 
that  in  all  climates  where  obfervations  have 
been  made,  the  fummers  are  equal,  whereas 
the  winters  are  prodigioufiy  unequal  ; this 
learned  phyfician,  attributes  this  conftant  equa- 
lity of  the  intenfity  of  heat  in  fummer  in  all 
climates  to  the  reciprocal  compenfation  of  the 
folar  heat,  and  from  the  heat  of  the  emana- 
tions of  the  central  fire. 

Q,q  2 
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All  phyficians  who  have  employed  them- 
felves  on  this  point  agree  with  me  that  the 
terreftrial  globe  poffelTes  of  itfelf  a heat  inde- 
pendent of  that  which  comes  from  the  fun. 
Js  it  not  evident  that  this  innate  heat  fhould  be 
equal  at  every  place  on  the  furface  of  the  globe, 
and  that  there  is  no  other  difference  in  this  re- 
fpe6l  than  that  which  refults  from  the  fwelling 
of  the  earth  at  the  equator,  and  of  its  flatnefs 
under  the  poles  ? A difference,  which  being  in 
the  fame  ratio  nearly  as  the  two  diameters, 
does  not  exceed  -2^0)  fd  that  the  innate  heat  of 
the  terreftrial  fpheriod  muft  be  -^Vo-  times 
greater  under  the  equator  than  under  the  poles. 
The  deperdition  which  is  made,  and  the  time 
of  refrigeration  muft,  therefore,  have  been 
quicker,  or  more  fudden,  in  the  northern  cli- 
mates, where  the  thicknefs  of  the  globe  is  not 
fo  great  as  in  the  fouthern  climates,  but  this 
difference  of  -aVo  cannot  produce  that  of  the 
inequality  of  the  central  emanations,  whofe  re- 
lation to  the  heat  of  the  fun  in  winter  being 
equal  50  to  i in  the  adjacent  climates  to  the 
equator,  is  found  double  to  the  2yth  degrbe, 
triple  to  the  35th,  quadruple  to  the  40th,  ten- 
fold to  the  49th,  and  35  times  greater  to  the 
both  degree  of  latitude.  This  caufe,  which 
prefcnts  itfelf,  contributes  to  the  cold  of  the 
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•northern  climates,  but  it  is  infufficient  for  the 
efFecl  of  the  inequality  of  the  winters,  fmc^ 
this  efFe£f  would  be  35  times  greater  than  its 
caufe  to  the  60th  degree,  and  even  excefllve  in 
climates  nearer  the  poles  ; at  the  fame  time  it 
would  in  no  part  be  proportional  to  this  fame 
caufe. 

On  the  other  hand  there  is  not  any  founda- 
tion for  fupporting  an  attempt  to  maintain  that 
in  a globe  which  has  received,  or  which  pof- 
feffes  a certain  degree  of  heat,  there  might  be 
fome  parts  therein  much  colder  than  others. 
We  are  fufficiently  acquainted  with  the  pro- 
grefs  of  heat,  and  the  phenomena  of  its  com- 
munication, to  be  convinced  that  it  is  every 
where  diftributed  alike,  fmce  by  placing  a cold 
body  on  one  that  is  hot  the  latter  will  commu- 
nicate to  the  other  fufficient  heat  to  render  both 
of  the  fame  degree  of  temperature  in  a fhort 
time.  Itmuft  not,  therefore,  be  fuppofed  that 
towards  the  poles  there  arc  ftrata  of  colder 
matters  lefs  permeable  to  the  .heat  than  in 
other  climates,  for,  of  whatfoever  nature  they 
may  be  fuppofed,  experience  has  demonftrated 
that  in  a very  fhort  time  they  would  become  as 
hot  as  the  reft. 

The  great  cold  in  the  north  plainly  does  not 
proceed  from  thefe  pretended  obftades  which 
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might  oppofe  thcmfelves  to  the  ilTue  of  heat, 
nor  from  the  flight  difference  which  that  of  the 
diameters  of  Uie  terrcffrial  fpheriod  muff  pro- 
duce; but  if  appears  tome,  after  repeated  reflec- 
tions thereon,  that  we  ought  to  attribute  the 
equality  of  the  fummers,  and  the  great  inequa- 
lity of  the  winters  to  a much  more  fimplecaufe. 

It  is  certain  that  the  fummers  fhould  every 
where  be  nearly  alike,  becaufe  the  heat  of  the 
fun  forms  only  a fmall  augmentation  to  the  real 
fund  of  the  innate  heat  of  the  earth,  that  emit- 
ed  from  the  fun  being  no  more  than  part  of 
the  heat  of  the  globe  ; the  longer  or  fhorter  flay 
of  it  on  the  horizon,  its  greater  or  lefs  obliqui- 
ty on  the  climate,  and  even  its  total  abfence, 
would  only  produce  one-fiftieth  difference  on 
the  temperature  of  the  climate,  and  hence  the 
fummers  rnuft  appear,  and  are,  in  fadf,  nearly 
equal  in  all  the  climates  of  the  earth.  But 
what  makes  the  winters  fo  very  unequal  is  the 
emanations  of  this  internal  heat  of  the  globe 
being  in  a great  meafure  fuppreffed  as  foon  as 
the  cold  and  frofl  bind  and  confolidate  the  fur- 
face  of  the  earth  and  waters. 

This  heat,  which  ilfues  from  the  globe,  de- 
creafes  in  the  air  in  proportion,  and  in  the 
fame  ratio  as  the  fpace  increafes,  and  the  foie 
condenfation  of  the  air  by  this  caufe  is  fufficient 

to 
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to  produce  cold  winds,  whidi  ading  againfl: 
the  furface  of  the  earth,  binds  and  freezes  it. 
As  long  as  this  confinement  of  the  external 
ftrata  of  the  earth  remains,  the  emanations  of 
the  internal  heat  are  retained,  and  the  cold  ap- 
pears to  be,  nay  in  fad  is,  very  confiderably 
increafed  by  this  fuppreflion  of  a part  of  this 
heat,  but  as  foon  as  the  air  becomes  milder,  and 
the  fuperficlal  ifrata  of  the  globe  lofes  its  ri- 
gidity, the  heat,  retained  all  the  time  of  the 
froft  iffues  out  in  greater  abundance  than  in 
climates  where  it  does  not  freeze,  fo  that  the 
fum  of  the  emanations  of  the  heat  becomes 
equal  and  every  where  alike  ; and  this  is  the 
reafon  that  plants  vegetate  quicker,  and  the 
harvetfis  reaped  in  much  lefs  time  in  northern 
countries;  and  for  the  fame  reafon  it  is,  that 
often  at  the  beginning  of  furamer  we  feel  fuch 
confiderable  heats. 

if  there  was  any  doubt  of  the  fuppreflion  of 
the  emanations  of  the  internal  heat  by  the  ef- 
fed  of  froft,  we  might  eafily  be  convinced  of 
the  fad  ; for  it  is  a circumftance  univerfally 
known,  that  after  a froft,  we  may  perceive 
fnow  to  thaw  in  pits,  aqueduds,  cifterns, 
quarries,  fubterraneous  vaults  or  mines,  when 
even  thefe  depths,  pits  or  cifterns,  contain  no 
water  ; the  emanations  of  the  earth  having 

their 


their  free  ifTiie  through  thefe  kinds  of  vents, 
the  ground  which  covers  this  top  is  never  fro- 
zen fo  ftrong  as  the  open  land  ^ to  the  emana- 
tions it  permits  their  general  courfe,  and  their 
heat  is  fufficient  to  melt  the  fnow,  efpecially  in 
hollow  places,  at  the  fame  time  that  it  remains 
on  all  the  reft  of  the  furface  where  the  earth  is 
not  excavated. 

This  fuppreflion  of  the  emanations  of  the  in- 
nate heat  of  the  earth  is  not  only  made  by  the 
froft,  but  likewife  by  the  fimple  binding  of  the 
earth,  often  occafioned  by  a lefs  degree  of  cold 
than  that  which  is  neceftary  to  freeze  the  fur- 
face  ; there  are  very  few  countries  where  it 
freezes  in  the  plains  beyond  the  35th  degree  la- 
titude, particularly  in  the  northern  hemifphere. 
It  appears,  therefore,  that  from  the  equator,  as 
far  as  the  35th  degree,  the  emanations  of  the 
terreftrial  heat  having  always  their  free  ifTue, 
there  ought  to  be  in  that  part  little  or  no  dif- 
ference between  winter  and  fummer,  fince  this 
difference  proceeds  only  from  two  caufes,  both 
too  flight  to  produce  any  fenfible  effe£l.  The 
firft  caufe  is  the  difference  of  the  folar  action, 
but  as  this  aftion  is  itfelf  much  fmaller  than 
that  of  the  terreftrial  heat,  its  difference  is  too 
inconfiderable  to  be  regarded  as  any  thing. 
The  fecond  caufe  is  the  thicknefs  of  the  globe, 
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which  towards  the  35th  degree,  is  near  5-^oth 
part  lefs  than  at  the  equator,  but  even  this  dif- 
ference can  only  produce  a very  flight  efiedl, 
lince  at  35  degrees  the  relation  of  the  emana- 
tions of  the  terreftrial  to  the  folar  heat  is  in 
i'ummer  from  33  to  i,  and  in  winter  from  153 
to  I,  which  gives  186  to  2 or  93  to  i.  From 
hence  it  can  be  only  owing  to  the  confolidatii.n 
of  the  earth  occafioned  by  the  cold,  or  even  to 
the  cold  produced  by  the  durable  rains  which 
fall  in  thefe  climates,  that  w^e  can  attribute 
this  difference  between  winter  and  fummer ; 
the  binding  of  the  earth  by  cold  fuppreffes  a 
part  of  the  emanations  of  the  internal  heat, 
and  the  cold,  always  renewed  by  the  fall  of 
rain,  diminishes  its  intenfity ; thefe  two  caufes, 
therefore,  together  produce  the  difference  be- 
tween winter  and  fummer. 

After  having  proved  that  the  heat  which 
comes  to  us  from  the  fun  is  greatly  inferior  to 
the  innate  heat  of  our  globe  ; after  having  ex- 
plained that,  by  fuppofing  it  only  part,  the 
refrigeration  of  the  globe  to  a£lual  temperature 
cannot  be  made  but  in  75,832  years  ; after 
having  demonftrated  that  the  time  of  this  re- 
frigeration would  flill  be  longer,  if  the  heat 
lent  from  the  fun  to  the  earth  was  in  a greater 
relation,  namely,  of  or  inflead  of  we 
VOL.X.  R r cannot 
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cannot  be  blamed  for  having  adopted  the  pro- 
portion which  appears  the  moft  plaufible  by 
phyfical  reafonings,  and  at  the  fame  time  the 
moft  probable,  by  not  extending  too  far  back 
the  time  of  the  commencement  of  nature, 
which  we  have  fixed  at  37  or  38,000  years, 
dating  it  from  the  firft  day. 

I neverthelefs  acknowledge  that  this  time, 
all  confiderable  as  it  is,  does  not  appear  fiiffi- 
ciently  long  for  certain  changes,  certain  fuc- 
ceftive  alterations,  which  Natural  Hiftory  de- 
monftrates  to  have  taken  place,  and  which  feems 
to  have  required  a ftill  longer  courfe  of  centu- 
ries ; and  from  which  I Ihould  be  inclined  to 
imagine,  that,  in  reality,  this  time  would  be 
increafed  perhaps  double  if  every  phenomena 
was  completely  inveftigated  ; but  1 have  con- 
fined myfelf  to  the  leaft  terms,  and  reftrained 
the  limits  of  time  as  much  as  pofiible,  without 
contradifting  fads  and  experiments. 

This  theory,  perhaps,  may  be  attacked  by 
another  cbjcdion,  which  is  right  to  guard 
againft.  It  may  be  told  me  that  1 have  fup- 
pofed,  after  Newton,  the  heat  of  boiling  water 
three  times  greater  than  that  of  the  fun  in 
iummer,  and  iron  heated  red  hot  eight  times 
greater  than  boiling  water,  that  is,  24  or  25 
times  greater  than  that  of  the  aflual  tempera- 
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ture  of  the  earth,  ami  that  there  is  fomething 
hypothetical  in  this  fuppofition,  on  which  I 
have  founded  the  fecond  bafis  of  my  calcula- 
tions, whofe  refults  wOuld  be,  w-ithout  doubt, 
very  different  if  this  red  heat  of  iron,  or  glafs, 
in  incandefcence,  inftead  of  being,  in  fadl,  25 
times  greater  than  the  adlual  heat  of  the 
globe,  w'as,  for  example,  only  5 or  6 times  as 
great. 

The  better  to  know  the  force  of  this  objec- 
tion, let  us  make  a calculation  of  the  refri- 
geration of  the  earth,  in  the  fuppofition  that 
In  the  time  of  incandefcence  it  was  only  five 
times  hotter  than  it  is  according  to  our  calcu- 
lations, this  folar  heat,  inftead  of  a compen- 
fation  of  would  have  only  made  the  com- 
penfation  of  in  time  of  incandefcence, 
thefe  two  terms  added  together  gives  2^,  which 
multiplied  by  2|,  the  half  of  the  fum  of  all  the 
terms  of  the  diminution  of  heat,  gives  for 
the  total  compenfation  which  the  heat  of  the 
fun  has  made  during  the  whole  period  of  the 
deperdition  of  the  innate  heat  of  the  globe, 
which  is  74047  years ; therefore  we  fhall 
have  : VYr  • = ?4'^47  • ^88  , from  which  we 

fee  that  the  prolongation  of  refrigeration, 
which  for  a heat  28  times  greater  than  adfual 
temperature,  has  been  only  770  years,  (hould 
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have  been  888  ~y,  in  the  fuppofition  that  this 
firft  heat  (hoiild  have  been  only  five  times 
greater  than  this  adlual  temperature.  This 
alone  (hews  us  that  if  we  even  fuppofe  this 
primitive  heat  below  25,  there  would  be  only 
a longer  prolongation  of  the  refrigeration  of 
the  globe,  and  that  alone -appears  to  me  fuffi- 
cient  to  fatisfy  the  objedion. 

Jt  may  likewife  be  faid,  “ you  have  calcu- 
lated the  duration  of  the  refrigeration  of  the 
planets,  not  only  by  the  inverted  ratio  of  their 
diameter,  but  alfo  by  the  inverted  ratio  of  their 
denfity  ; this  might  be  well  founded  if  we 
could  imagine  that  in  fad  there  cxifts  matter 
whofe  denfity  is  as  different  from  that  of  our 
globe:  but  does  it  cxifl  ? What,  for  example, 
will  be  the  matter  of  which  Saturn  is  compof- 
cd,  fince  its  denfity  is  more  than  five  times  lefis 
than  that  of  the  earth  ?” 

To  this  I anfw'er,  that  it  would  be  very  eafy 
to  find,  in  the  vegetable  clafs,  matters  five  or 
fix  times  lefs  denfe  than  a mafs  of  iron,  marble, 
hard  calcareous  done,  &c.  but  without  quit- 
ting the  mineral  kingdom,  and  confidering  the 
denfity  of  thefe  five  matters,  we  have  21  yj 
for  iron,  8 y-f  for  white  marble,  for  gres 
7 y4>  for  common  marble  and  calcareous 
done  7 yy  ; taking  the  mean  term  of  the  den- 
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fuies  of  thefe  five  matters,  of  which  the  terref- 
trial  globe  is  principally  compofed,  we  find  its 
denfity  to  be  10 -fV-  therefore  required  to 

find  a matter  whofe  denfity  is  in  the  relation  of 
189  to  1000  denfity,  which  is  the  fame  as  that 
between  Saturn  and  the  Earth.  Now  this  mat- 
ter might  be  a kind  of  pumice- ftone,  fomewhat 
Icfs  denfe  than  common  pumice  (tone,  whofe 
relative  denfity  is  here  l fg  ; from  whence  it 
appears  that  Saturn  is  principally  compofed  of 
a light  matter  fimilar  to  pumice  ftone. 

So  likewife  the  denfity  of  the  Earth  being 
to  that  of  Jupiter  as  icoo  to  292,  we  muft 
fuppofe  that  Jupiter  is  compofed  of  a more 
denfe  matter  than  pumice  ftone,  but  much  lefs 
denfe  than  chalk. 

The  denfity  of  the  Earth  being  to  that  of  the 
Moon  as  1000  to  yc2,  this  fecondary  planet 
appears  cotnpofed  of  a matter  whofe  denfity  is 
not  quite  fo  great  as  that  of  hard  calcareous 
ftone,  but  more  fo  than  foft. 

The  denfity  of  the  Earth  being  to  that  of 
Mars  as  1000  to  730,  this  planet  muft  be  com- 
pofed of  a matter  fomewhat  more  denfe  than 
that  of  gres,  and  not  fo  great  as  that  of  white 
marble. 

But  the  denfity  of  the  Earth  being  to  that  of 
Venus  as  1000  to  127CO,  it  may  be  fuppofod 
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that  this  planet  is  chiefly  compofed  of  a more 
denfe  matter  than  emery,  and  lefs  denfe  than 
zinc. 

In  fine,  the  denfity  of  the  Earth  being  to  that 
of  Mercury  : : looo  : 2040,  or  : : 10  -j-V  : 
20  ToVo>  it  muft  be  thought  that  this  planet  is 
compofed  of  matter  lefs  denfe  than  iron,  but 
more  fo  than  tin. 

To  the  queftion,  how  can  animated  nature, 
which  you  fuppofe  everywhere  eflablifhed.exift 
in  planets  of  iron,  emery,  or  pumice  ftone  ? I 
fliall  anfwer,  by  the  fame  caufes,  and  by  the 
fame  means  as  it  exifts  on  the  terreftrial  globe, 
although  compofed  of  ftone,  gres,  marble,  iron, 
and  glafs.  There  are  other  planets  like  our 
globe,  whofe  principal  is  one  of  thefe  matters  ; 
but  the  external  caufes  will  foon  have  altered 
its  fuperficial  ftrata,  and  according  to  the  dif- 
ferent degrees  of  heat  or  cold',  drynefs  or  hu- 
midity, they  will  hav'c  converted  this  matter 
into  a fertile  earth  proper  to  receive  the  feeds 
of  organized  nature,  which  only  needs  heat 
and  moifture  to  develope  itfelf. 

Having  fatisfied  the  obje£lions  which  ap- 
peared firft  to  prefent  themfelves,  it  is  necef- 
fary  to  explain  the  fails,  and  obfervations,  by 
which  we  are  alTured  the  fun  is  only  an  accef- 
forv  to  the  real  heat,  which  continually  ema- 
nates 
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nates  from  the  globe  of  the  earth ; and  it  will  be 
juft,  at  the  fame  time,  to  fee  how  comparable 
thermometers  have  taught  us  in  a certain  man- 
ner that  the  heat  in  fummer  is  equal  in  all  the 
climates  of  the  earth,  excepting  Senegal,  and 
fomc  other  parts  of  Africa,  where  the  heat  is 
greater  thanelfewhere. 

It  may  be  demonftrated  by  inconteftible  va- 
luations, that  light,  and  confequently  the  heat  of 
the  fun,  emitted  on  the  earth  in  the  fumrqer,  is 
very  great,  comparatively  with  that  emitted  by 
the  fame  body  in  winter  ; and  yet,  by  very 
exadl  and  reiterated  obfervations,  the  difference 
of  the  real  heat  of  the  fun  in  fummer  is  very 
fmall.  This  alone  would  be  fufficient  to  prove 
that  the  heat  of  the  fun  makes  only  a fmall  part 
of  that  of  the  terreftrial  globe  ; but  in  addition 
to  which  M.  Amontons,  by  receiving  the  rays 
of  the  fun  on  the  fame  thermometer  in  fum- 
mer and  winter,  obferved,  that  the  greateftheat 
in  fummer  in  our  climate  differs  from  the  cold 
in  winter,  when  the  water  congeals,  as  only 
7 differs  from  6 •,  whereas  it  can  be  demon- 
ftrated that  the  aftion  of  the  fun  in  fummer 
is  about  66  times  greater  than  that  of  the  fun 
in  winter  ; it  therefore  cannot  be  doubted,  that 
there  is  a fund  of  very  great  heat  in  the  ter- 
reftrial globe,  on  which,  as  a bafe,  the  degrees 
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of  heat  arifc,  and  that  at  the  fiirface  it  does  not 
give  a greater  quantity  of  heat  than  that  which 
comes  from  the  fun. 

If.it  be  afked,  how  we  can  then  alfcrt  that 
the  heat  in  fummer  is  66  times  greater  than 
. that  in  winter  in  our  climate.?  1 cannot  give 
a better  anf\yer  than  by  referring  to  the  me- 
' moirs  given  by  the  late  M.  de  Mairan  in  17191 
F722,  and  1765,  and  inferted  in  thofe  of  the 
Academy,  bicaufe  in  thofe  periods  he  examin- 
ed, with  a fcrupulous  attention,  the  vicifTitudes 
of  fummers  indifferent  climates;  the  various 
caiifes  for  which  may  reduced  to  four  princi- 
pal ones:  i.  The  inclination  under  which 

the  light  of  the  fun  falls  according  to  the 
different  height  of  the  fun  on  the  horizon  ; 
2dly.  The  greater  or  lefs  intenfity  of  light  in 
proportion  as  its  paffage  in  the  atmofpherc  is 
more  or  Icfs  oblique  ; 3dly.  The  different  dif- 
tance  of  the  earth  to  the  fun  in  fumrner  and 
winter;  and  4thly.  The  inequalities  of  the 
length  of  days  in  ^different  climates.  By  the 
principal  that  heat  is  proportional  to  the  adfion 
of  light  it  will  be  eafily  demonff rated,  that 
thefe  four  united  caufes,  combined  and  com- 
pared, diminifhes,  with  refpedl  to  our  climate, 
this  aflion  of  the  fun’s  heat  in  a ratio  of  about 
66  to  1 between  the  fummer  and  the  winter 

folAicc  ; 
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folftice ; and  this  theory  may  be  regarded  as 
certain,  as  the  fetond  truth  from  experience, 
and  which  demonftrates,  by  the  obfervations  of 
the  thermometer,  immediately  expofed  to  the 
fun’s  rays  in  winter  and  fummer,  that  the  dif- 
ference of  real  heat  in  thefetwo  is,  neverthelefs, 
at  moft  only  from  7 to  6 ; I fay  at  moft,  for 
this  determination  given  by  M.  Amontons  is 
not  near  fo  exa£l;  as  that  which  has  been  made 
by  M.  de  Mairan,  who,  after  a great  number 
qf  ulterior  obfervations,  proves  that  this  re- 
lation is  only  as  32  to  31.  What,  therefore, 
muft  indicate  this  prodigious  inequality  be- 
tween thefe  two  relations  of  the  adlion  of  the 
Jolar  heat,  which  is  from  66  to  I ; and  of  that 
of  the  real  heat,  w'hich  is  only  from  32  to  31 
between  fummer  and  winter  ? Is  it  not  evi- 
dent that  the  innate  heat  of  the  globe  of  the 
earth  is  confiderably  greater  than  that  which 
comes  to  us  from  the  fun  ? It  appears,  in  fa6f, 
that  in  the  climate  of  Paris  this  heat  of  the 
earth  is  29  times  greater  in  fummer,  and  491 
times  greater  in  wdnter  than  that  of  the  fun,  as 
M.  de  Mairan  has  determined  it.  But  I have 
already  faid  that  we  muft  not  conclude,  from 
thefe  two  combined  relations,  the  real  relation 
of  the  heat  of  the  globe  of  the  earth  fo  that 
which  comes  from  the  fun,  and  I have  given 
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reafons  which  have  determined  me  to  fiippofe 
that  we  may  eftimate  this  heat  of  the  fun  49 
times  Icfs  tlian  the  heat  which  emanates  from 
,ihe  earth. 

From  the  year  1701  to  1756  Inclufive,  we 
made  a variety  of  obfervations  with  thermo- 
meters, and  the  following  were  the  refults:  we 
colleded  the  greateft  degree  of  heat,  and  that  of 
cold,  which  was  experienced  at  Paris  in  each 
year  ; we  made  a total  of  thefe,  and  found  that 
the  mean  eflimate,  in  all  the  thermometers, 
reduced  to  Rheaumur’s  divifion,  was  1026,  for 
the  greateft  heat  in  fummer,  that  is  26  degrees 
above  the  freezing  point ; and  that  the  mean 
degree  of  cold  in  winter,  during  thofe  56 
years,  was  994,  or  6 degrees  below  the  freez- 
ing point  of  water,  from  whence  we  conclud- 
ed that  the  greateft  heat  in  our  fummers  at 
Paris  differs  from  the  greateft  cold  of  our  win- 
ters only  3-^,  fince  994  : 1026  : : 31  132; 
and  it  was  on  this  foundation  that  we  ftated 
the  latter  to  be  the  relation  of  the  greateft 
heat  to  the  greateft  cold.  But'  it  may  be  ob- 
je6fcd  againft  the  precifion  of  this  valuation, 
the  defc£l  of  the  conftruclion  of  the  thermo- 
meter, and  Rheaumur’s  divifion  (to  which  we 
have  here  reduced  the  fcale  of  all  the  reft) ; 
and  this  defe£t  is  extending  only  1000  degrees 
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below  that  of  ice,  as  If  1000  degrees  was,  in 
fa£l,  that  of  abfolute  cold,  whereas  abfolute  cold 
does  not  exift  in  nature ; and  that  of  the  fmalleft 
heat  (liould  be  fuppofed  1 0,000  inftead  of  i ,000, 
which  would  alter  the  thermometer’s  gradation. 
It  may  likewife  be  faid  that  it  is  not  impolhble 
t'hat  all  our  fenfations  between  the  greateft  heat 
and  the  greateft  cold  are  comprifed  in  as  fmall 
an  interval  as  that  of  an  unit  on  32  of  heat,  but 
that  the  voice  of  judgment  feems  to  be  ralfed 
againft  this  opinion,  and  tells  us  this  limit  is 
too  confined,  and  that  it  is  much  eafier  to  re- 
duce this  interval  than  to  give  it  an  eighth  or  a 
feventh  inftead  of  a thirty-fecond. 

But  be  this  valuation  as  it  may,  there  can 
be  no  doubt  of  the  truth  of  thefe  fafts,  which 
we  have  drawn  from  our  obfervations,  for  in 
the  fame  manner  as  we  found,  from  the  atten- 
tion of  56  fucceflive  years,  the  heat  of  fummer 
at  Paris  1026,  or  26  degrees  above  the  freezing 
point,  we  alfo  found,  with  the  fame  thermo- 
meters, that  the  heat  in  fummer  was  1026  in 
every  climate  of  the  earth,  from  the  equator  to 
the  polar  circle  ; at  Madagafcar,  in  the  iflands 
of  France  and  Bourbon,  Roderigo,  Siam,  and 
the  Eaft-lndies ; at  Algiers,  Malta,  Cadiz, 
Montpelier,  Lyons,  Amfterdam,  Upfal,  Petei  f- 
burgh,  and  as  far  as  Lapland,  near  the  polar 
S f 2 circle. 
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circle.  At  Cayenne,  Peru,  Martinico,  Car- 
thagena  in  America  ; at  Panama  ; in  ftiort,  in 
all  the  climates  of  the  two  hemifpheres  and 
continents  where  obfervations  could  be  made, 
it  has  been  conftantly  found  that  the  liquor  of 
the  thermometer  rofe  equally  to  25,  26,  or  27 
degrees  in  the  hotteft  days  in  fummer  ; and 
from  hence  enfues  the  incontellible  fa£l  of  the 
equality  of  heat  in  fummer  in  all  climates  of 
the  earth.  There  are  indeed  fome  exceptions, 
for  at  Senegal,  and  fome  few  other  places,  the 
thermometer  rifes  5 or  6 degrees  higher,  to 
31  or  32  degrees  ; but  that  arifes  from  acci- 
dental and  local  caufes,  which  do  not  alter  the 
truth  of  the  obfervations,  nor  the  certainty  of 
this  general  fadf,  which  alone  might  likewife 
demonftrate  to  us,  that  there  really  exids  a 
very  great  heat  in  the  tcrreflrial  globe,  that  the 
effed,  or  the  emanations,  of  which  are  nearly 
equal  in  all  the  points  of  its  furface,  and  that 
the  fun,  very  far  from  being  the  only  fphere  of 
heat  which  animates  nature,  is  at  bed  only  the 
regulator.  This  important  fad,  which  we 
confign  to  poderity,  will  difcover  the  real  pro- 
portion of  the  diminution  of  the  heat  of  the 
terredrial  globe,  which  we  have  been  only  able 
to  determine  in  a hypothetical  manner.  In  a 
few  centuries,  I am  confident,  it  will  be  found 
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that  the  greateft  heat  of  fummer,  inftead  of 
raifiug  the  liquor  of  the  thermometer  to  26, 
will  not  raife  it  more  than  to  25,  or  24  ; and 
from  this  effcdl:,  which  is  the  refult  of  all  the 
combined  caufes,  a judgm.ent  may  be  formed 
of  the  value  of  each  of  the  particular  caufes, 
which  the  total  effedd  of  heat  produces  to  the 
furfacc  of  the  globe  ; for  the  heat  which  be- 
longs to  the  earth,  and  which  it  has  polfclTed 
from  the  time  of  incandefcence,  has  very  con- 
fiderably  diminilhed,  and  will  continue  to  di- 
minifh  with  the  courfe  of  time  ; this  heat  is 
independent  of  that  which  comes  from  the  fun  ; 
the  latter  may  be  looked  upon  as  conftam,  and 
confequently  in  futurity  will  make  a greater 
compenfation  than  at  prefent.  To  the  lofs  of 
this  innate  heat  of  the  globe  there  are  two 
other  particular  caufes,  which  may  add  a con- 
fiderable  quantity  of  heat  to  the  elFedt  of  the 
two  firft,  the  only  ones  w'e  have  as  yet  taken 
notice  of. 

One  of  thefe  particular  caufes  proceeds,  in 
fome  meafure,  from  the  firft  general  caufe, 
and  may  add  fomething  thereto.  It  is  certain 
that  during  the  time  of  incandefcence,  and  in 
all  the  fubfequent  ages  till  that  of  the  refrige- 
ration of  the  earth,  not  any  of  the  volatile 
matters  could  refide  at  the  furface,  or  even  in 
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the  internal  part,  of  the  globe  ; they  were 
laifed  and  tlifpcrfed  in  the  form  of  vapours,  and 
could  not  dcpoiit  themfdves  but  fucccllively  in 
proportion  as  it  cooled,  by  which  means  fome 
of  thefe  matters  have  penetrated  through  the 
clefts  and  crevices  of  the  earth  to  great  depths, 
in  an  infinity  of  places;  and  this  is  the  pritnitive 
foundation  of  volcanos,  which  are  all  found  in 
lofty  motmtains,  where  the  clefts  of  the  earth 
arc  fo  much  the  greater  as  thefe  points  of  the 
globe  are  more  projecting  and  ifolated.  This 
depofit  ot  the  volatile  combuflible  matters  of 
the  firfl  ages  will  have  been  greatly  augmented 
by  the  addition  of  every  combudible  matter 
which  has  been  fubfcquently  formed.  Pyrites, 
fulphurs,  coal,  bitumen,  &:c.  have  penetrated 
into  the  principal  cavities  of  the  earth,  and 
produced  almoft  every  w'here  great  malTes  of 
inflammable  matters,  and  often  conflagrations, 
which  have  been  manifefted  by  earthquakes, 
eruptions  of  volcanos,  and  by  the  hot  fprings 
which  flow  from  mountains,  or  run  internally 
in  the  cavities  of  the  earth.  It  may,  there- 
fore, be  prefumed  that  thefe  fubterraneous  fires, 
fome  of  which  burn  without  explofion,  and 
others  with  great  noife  and  violence,  fomewhat 
increafethc  general  heat  of  the  globe.  Never- 
helefs  this  addition  of  heat  can  be  only  very 
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flight,  for  it  has  been  obferved  that  it  is  nearly 
as  cold  on  the  top  of  volcanos  as  on  the  top  of 
other  mountains  of  the  fame  height,  excepting 
at  the  time  when  the  volcano  throws  out  in- 
flamed vapours  or  burning  matters. 

The  fecond  caufe,  which  feems  not  to  have 
been  thought  of,  is  the  motion  of  the  moon 
round  the  earth.  This  fecondary  planet  per- 
forms its  evolution  round  the  eaith  in  27  days 
and  one  third,  and  being  85,325  leagues  dif- 
tant,  it  goes  over  a circumference  of  436,329 
leagues  in  this  fpace  of  time,  which  makes  a 
motion  of  817  leagues  in  an  hour,  or  from  13 
to  14  leagues  a minute.  Although  this  rout  is, 
perhaps,  the  flowefl:  of  all  the  celeflial  bodies, 
yet  it  is  rapid  enough  to  produce  on  the  earth, 
which  ferves  for  the  axis  or  pivot  to  this  mo- 
tion, a confiderable  heat  by  the  friction  which 
refults  from  the  weight  and  velocity  of  this 
planet.  But  it  is  not  poflible  to  value  the 
quantity  of  heat  produced  by  this  exterior 
caufe,  becaufe  hitherto  we  have  had  nothing 
which  might  ferve  us  for  a term  of  comparifon. 
But  if  we  ever  can  difcover  the  number,  mag- 
nitude, and  velocity,  of  all  the  planets  v.'hich 
circulate  round  the  fun,  we  fliall  then  be  able 
to  judge  of  the  quantity  of  heat  whi.h  the 
moon  can  give  to  the  earth,  by  th9  much 
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greater  quantity  of  fire  which  all  thefe  va ft  bo- 
dies excite  in  the  fun.  For  nny  own  part  I am 
greatly  inclined  to  think  that  the  heat  produced 
by  thiscaufe  in  the  globe  of  the  earth,  does  not 
prevent  it  from  making  alfo  a very  confiderable 
part  of  its  own  heat : and  that,  in  confequence, 
we  muft  ftill  extend  the  limits  of  time  for  the 
duration  of  nature.  But  let  us  return  to  our 
principal  object. 

We  have  obferved  that  the  fummers  are  very 
nearly  equal  in  all  the  climates  of  the  earth, 
and  that  this  truth  is  founded  on  inconteftible 
facts  ; but  it  is  not  the  fame  w ith  refpedl  to 
winters,  they  are  very  unequal,  and  vary  in 
different  climates,  as  we  remove  farther  from 
that  of  the  equator,  where  the  heat  in  w'inter 
and  fummer  is  nearly  the  fame.  1 think  1 have 
already  explained  in  a fatisfadlory  manner,  the 
caufc  of  the  inequality  by  the  fuppreflion  of 
the  terreftrial  heat.  This  fuppreflion  is,  as  I 
have  faid,  occafioned  by  the  cold  winds  which 
fall  from  the  air,  bind  the  earth,  freeze  the 
waters,  and  fhut  up  the  emanations  of  the 
terreftrial  heat  during  the  time  the  frofts  re- 
main j fo  that  it  is  not  at  all  furprifing  that  the 
cold  in  w inter  is  in  fa£l  fo  much  the  greater 
as  we  advance  further  towards  the  climates 
where  the  mafs  of  air,  receiving  the  rays 
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of  the  fun  more  obliquely,  is  for  that  reafon 
colder. 

But,  with  refpe£l  to  the  cold  as  well  as  to 
the  heat,  there  are  fome  countries  which  are  an 
exception  to  the  general  rule.  At  Senegal, 
Guinea,  Angola,  and  probably  in  every 
country  where  the  natives  are  black,  as  in 
Nubia,  the  country  of  the  Papous,  New  Gui- 
nea, &c.  it  is  certain  that  the  heat  is  greater 
there  than  in  any  other  part  of  the  earth  ; but 
it  is  from  thofe  local  caufes  which  we  have 
explained,  and  therefore  in  thofe  particular 
climates  where  the  eaft  wind  reigns  during  the 
whole  year,  palTes  over  a very  confiderable 
track  of  land,  and  receives  a fcorching  heat 
before  it  arrives  to  them,  it  is  not  furprifing 
that  the  heat  is  found  5,  6,  and  even  7 degrees 
greater  than  it  is  elfewhere.  The  exceffive 
colds  of  Siberia,  are  alfo  to  be  attributed  to  that 
part  of  the  furface  of  the  globe  being  much 
higher  than  that  which  furrcunds  it.  “ The 
northern  Afiatic  countries  (fays  the  Baron 
Strahlenberg  in  his  Defcription  of  the  Rullian 
Empire)  are  confiderably  more  elevated  than 
the  European.  They  are  like  a table,  in  com- 
parifon  of  the  bed  on  which  they  appear  to  be 
placed;  for  on  coming  from  the  weft  and  leav- 
ing Rullia,  we  pafs  to  the  eaft  by  the  moun- 
voL.  X.  T t tains 


tains  Ripha  and  Rymnikas  to  enter  Siberia,  and 
conftantly  advance  on  an  afcent.”  “ There 
are  many  places  in  Siberia,  fays  M.  Gmelin, 
which  are  not  lefs  elevated  above  the  reft  of  the 
earth,  nor  lefs  remote  from  its  centre,  than  are 
many  high  mountains  in  many  other  regions.” 
Thefe  plains  of  Siberia  appear,  in  fad,  to  be  as 
high  as  the  fummit  of  the  Riphean  mountains, 
on  which  the  ice  and  fnow  do  not  wholly  melt 
during  fummer  ; and  if  the  fame  effed  does 
not  happen  in  the  plains  of  Siberia,  it  is  be- 
caufe  they  are  lefs  detached,  for  this  local  cir- 
cumftance  alfo  adds  much  to  the  duration  and 
to  the  intenfity  of  cold  and  heat,  A vaft  plain 
once  made  hot  will  retain  its  heat  longer  than 
a detached  mountain,  although  both  are  alike 
elevated  ; and  for  the  fame  reafon  the  moun- 
tain once  cooled  will  retain  its  fnow  or  ice 
longer  than  the  plain. 

But  if  w e compare  the  excefs  of  heat  with 
that  of  colli  produced  by  thefe  particular  and 
local  caufes,  we  ftiall  be  furprifed  to  find,  that 
In  Senegal,  &,c.  where  the  heat  is  greateft,  it  ne- 
ver exceeds  feven  degrees  beyond  the  fummer 
heat  in  other  countries,  which  is  26  degrees 
above  the  freezing  point,  whereas  the  colds 
of  Siberia  fometimes  .reach  60  or  70  degrees 
below  if j and  that  at  Peteriburgh,  Upfal,  &c. 
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under  the  fame  latitude  as  Siberia,  the  greateft 
cold  is  not  more  than  to  25  or  26  degrees  be- 
low the  freezing  point  ; therefore,  we  muft 
conclude,  that  thefe  local  caufes  have  much 
more  influence  in  cold  than  in  hot  climates. 
Altho’  we  cannot  pretend  to  determine  what 
this  great  difference  in  the  excefs  of  cold  and 
heat  may  produce,  yet  by  refledling  thereon,  it 
appears  that  we  may  eafily  conceive  the  reafon 
of  this  difference.  The  augmentation  of  the 
heat  in  fuch  a climate  as  Senegal  can  only  pro- 
ceed from  the  a£lion  of  the  air,  the  nature  of 
the  foil,  and  the  depreflion  of  the  ground  ; 
this  country  being  almoft  on  a level  with  the 
fea,  is  in  a great  meafure  covered  with  fcorch- 
ing  fands,  and  over  which  an  eafterly  wind 
continually  blows,  which,  inftead  of  refrefhing 
the  air,  only  renders  it  more  burning,  becaufe 
it  traverfes  over  more  than  2000  leagues  of 
land  in  its  way,  and  confequently  acquires  a 
confiderable  degree  of  heat.  But  in  fuch 
countries  as  Siberia,  where  the  plains  are  ele- 
vated like  the  fummits  of  mountains  above  the 
level  of  the  reft  of  the  earth,  this  foie  differ- 
ence of  elevation  muft  produce  an  effedf  pro- 
portionally more  than  the  depreflion  of  the 
ground  of  Senegal,  which  cannot  be  ftippofed 
greater  than  that  of  the  level  of  the  fea  ; for 
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if  the  plains  of  Siberia  are  only  elevated  4 or 
500  fathoms  above  the  level  of  Upfal,  or  Pe- 
terfburgh,  wemuft  ceafe  from  being  aftonifhed 
that  the  excefs  of  cold  is  fo  great  there  ; fince 
the  heat  which  emanates  from  the  earth,  de- 
creafes  at  each  point  as  the  fpace  increafes,  and 
this  elevation  of  the  ground  alone  fuffices  to  ex- 
plain this  great  difference  of  cold  tinder  the 
fame  latitude. 

On  this  point  there  remains  only  one  intereft- 
ing  queflion.  Men,  animals,  and  plants,  may, 
for  fome  time,  fupport  the  rigour  of  this  cold, 
which  is  60  degrees  below  the  freezing  point ; 
but  could  they  alike  fupport  a heat  which  fliould 
be  60  degrees  above  it  ? To  this  we  anfwer, 
yes,  provided  we  knew  as  well  how  to  guard 
againfl  the  heat  as  we  do  to  fhelter  ourfelves 
from  the  cold;  and  if  the  air  could,  during  the 
remainder  of  the  year,  refrefh  the  earth,  in  the 
fame  manner  as  the  emanation  of  the  heat  of 
the  globe  warm,  the  air  in  cold  countries.  We 
know  of  plants,  infecls,  and  fifh,  which  live 
and  grow  in  baths  of  confiderable  heat ; there 
are,  therefore,  fpecies  in  living  nature,  which 
can  fupport  this  degree  of  heat  ; and  as  the 
negroes  are  in  the  human  race  thofe  whom  a 
ftrong  heat  the  leafl;  incommodes,  might'  we 
not  conclude,  according  to  this  hypothefis, 
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that  earth  has  continued  to  decline  from  its 
original  heat,  and  that  the  race  of  negroes  are 
more  ancient  than  that  of  white  people. 


GENERAL  VIEWS  OF  NATURE. 


FIRST  VIEW. 


NATURE  is  that  fyflem  of  laws  ellablilhed 
by  the  Creator  for  regulating  the  exiftence  of 
bodies  and  the  fuccelfion  of  beings.  Nature 
is  therefore  not  a body,  for  if  it  were  fo  it 
would  comprehend  every  thing;  neither  is  it  a 
being,  for  in  that  cafe  it  would  neceflarily  be 
God.  We  muft  rather  confider  Nature  as  an 
immenfe  living  power,  which  is  in  fubordina- 
tion  to  the  Supreme  Being,  and  by  his  com- 
mand animates  the  univerfe,  and  whofe  adlions 
are  dependent  on,  and  continued  by,  his  con- 
currence or  confent.  This  power  is  that  part 
of  the  Divine  power  which  is  manifefted  to 

mankind  ; 


326 


buffon’s 


mankind  ; it  is  the  caufe  and  efFeft,  the  mode 
and  fubllance,  the  defign  and  execution.  Ex- 
tremely different  from  all  human  art,  whofc 
productions  are  inanimate,  Nature  is  herfelf  a 
work  perpetually  alive,  an  adive  andunceaf- 
ing  operator,  who  knows  how  to  make  ufe 
of  every  material,  and  though  always  employed 
on  the  fame  invariable  plan,  her  power,  in- 
itcad  of  fuffcring  diminution,  is  perfe£lly  in- 
exhauflible  : time,  fpace,  and  matter,  are  her 
means  ; the  univerfe  her  objcdt ; ajid  motion 
and  life  her  end. 

Every  objcdt  in  the  univerfe  arc  the  effcdls  of 
this  power.  Thofe  fprings  which  fhe  makes 
ufe 'of  arc  a£tive  forces  which  time  and  fpace 
ran  only  limit  but  never  deffroy  ; forces  which 
unite,  balance,  and  oppofe,  but  incapable  of 
annihilating  each  other.  Some  penetrate  and 
connetf  bodies,  others  heat  and  animate  them. 
It  is  principally  by  attra6f  ion  and  impulfion  that 
tliis  power  a£fs  upon  brute  matters,  while  heat 
and  organic  molecules  are  her  chief  aftive 
agents,  which  fhe  employs  in  the  formation  and 
expanfion  of  organized  beings.  Aided  by  fuch 
inffruments,  how  can  the  operations  of  Nature 
be  limited  ? She  only  wants  the  additional 
power  to  create  and  annihilate  to  become  omni- 
potent. Butthefetwo  extremes  the  Almighty 
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has  referved  to  himfelf  alone  : the  power  of 
creating  and  annihilating  are  his  peculiar  attri- 
butes; that  of  changing,  deftroying,  unfolding, 
renewing,  and  producing,  are  the  only  privi- 
leges he  has  conferred  on  this  or  any  other  agent. 
Nature,  the  minifter  of  his  irrevocable  com- 
mands, the  depofitary  of  his  immutable  de- 
crees, never  deviates  from  the  laws  he  has  pre- 
fcribed  to  her  ; ihe  never  changes  any  part  of 
his  original  plan,  but  in  all  her  operations  fhe 
exhibits  the  will  anddefign  of  the  eternal  Lord 
of  the  univerfe.  This  grand  defign,  this  unal- 
terable impreflion  of  all  exiftence,  is  the  model 
upon  which  (he  invariably  a£ts ; a model  which 
all  the  features  are  fo  ftrongly  imprelTed  that 
they  can  never  be  elfaced  ; a model  which 
the  infinite  number  of  copies,  inftead  of  im- 
pairing, only  ferve  to  renew. 

Therefore  we  may  affirm  that  every  thing 
has  been  created,  but  nothing  annihilated  ; Na- 
ture a£ls  between  the  two  without  ever  reach- 
ing either  the  one  or  other  extreme.  It  is  in 
fome  points  of  this  vaft  fpace,  which  fhe  has 
filled  andtraverfed  fronj  the  beginning  of  ages, 
that  we  muft  endeavour  to  lay  hold  of  her  to 
bring  her  into  view. 

What  an  infinity  of  objects,  comprehending 
an  infinity  of  matter^  which  would  have  been 
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created  in  vain,  had  it  not  been  divided  into 
portions,  feparated  from  each  other  by  almoft 
inconceivable  fpaces.  Myriads  of  luminous 
globes,  placed  at  immenfe  diftances,  are  the 
bafes  which  fupport  the  fabric  of  the  univerfe, 
and  millions  of  opaque  globes,  which  circulate 
round  them,  conflitiite  the  moving  order  of  its 
architedure.  By  two  primitive  forces,  each 
of  which  are  in  continual  a£lion,  ihefe  mafies 
are  revolved  and  carried  thro’  the  immenfity 
of  fpace  ; and  their  combined  efforts  produce 
the  zones  of  the  celeffial  fpheres,  and  in  the 
midfl  of  vacuity  eftablifh  fixed  ftations,  and 
regular  routes  and  orbits.  From  motion  pro- 
ceeds the  equilibrium  of  worlds,  and  the  repofe 
of  the  univerfe.  The  firfi;  of  thefe  forces  is 
equally  divided,  but  the  fecond  is  feparated  in 
unequal  proportions.  Every  atom  of  matter 
contains  the  fame  degree  of  attradlive  force, 
while  every  individual  globe  has  a different 
quantity  of  impulfive  force  afligned  to  each. 
Of  the  flars,  fome  are  fixed  and  others  wan- 
dering; fomc  globes  appear  formed  to  attradf, 
and  others  for  impelling  or  being  impelled. 
Some  fpheres  have  received  a common  impul- 
fion  in  the  fame  dirc£tion,  and  others  a particu- 
lar itnpulfion.  Some  flars  are  alone,  and  others 
arc  attended  by  fatcllitcs  ; fome  are  luminous, 
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and  others  opaque  mafles.  There  are  planets 
w'hofe  different  parts  fuccellively  enjoy  a bor- 
rowed light,  and  there  are  comets  which,  after 
being  loft  in  the  immenfity  of  fpace  for  feveral 
ages,  return  to  receive  the  influence  of  the  folar 
heat.  There  are  fome  funs  which  appear  and 
difappear  as  if  they  were  alternately  kindled 
and  extinguiftied  ; and  there  are  others  which 
merely  fhew  themfelves  and  then  are  fcen  no 
more.  Heaven  abounds  with  great  events> 
but  which  the  human  eye  is  fcarcely  able  to 
perceive.  A fun  which  expires  and  annihilates 
a world,  or  fyftem  of  worlds,  has  no  other 
effedl  upon  the  eyes  of  man  than  an  ignis- 
fatuus,  which  gives  a tranfitory  blaze  and  then 
vanifhes  for  ever.  Man,  confined  to  the  ter- 
reftrial  atom  on  which  he  vegetates,  confiders 
this  atom  as  a world,  and  looks  upon  other 
worlds  as  atoms. 

This  earth  which  we  inhabit  is  fcarcely 
diftinguifhable  among  the  other  globes,  and 
perfe£fly  invifible  to  the  diftant  fpheres ; it  is 
at  leaft  a million  times  fmaller  than  the  fun  by 
which  it  is  illuminated,  and  even  a thoufand 
times  lefs  than  fome  of  the  planets  which,  by 
its  influence,  the  fun  compels  to  circulate 
around  him.  Saturn,  Jupiter,  Mars,  the  Earth, 
Venus,  Mercury,  and  the  Sun,  occupy  that 
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fmall  portion  of  the  heavens  which  we  term 
our  Univerfe.  Thefe  planets,  with  their  fa- 
tellites,  moving  with  amazing  celerity  in  the 
fame  diredlion,  and  almoft  in  the  fame  plane, 
compofe  a wheel  of  an  immenfe  diameter, 
whofe  axis  fupports  the  whole  weight,  and 
which  by  the  rapidity  of  its  own  rotation  mull 
inflame  and  diffiife  heat  and  light  throughout 
the  whole  circumference.  As  long  as  this  re- 
gular motion  continues  (and  which  will  be 
eternal,  unlefs  the  Divine  Mover  exerts  the 
fame  force  to  deftroy  as  He  thought  neceflary  to 
create  them)  the  fun  will  burn  and  illuminate 
all  the  fpheres  of  this  univerfe  with  his  fplcn- 
dor  ; and  as,  in  a fyftem  where  the  whole  of 
the  bodies  mutually  attradl  each  other,  nothing 
can  be  loft,  or  removed  without  being  return- 
ed, the  quantity  of  matter  muft  always  re- 
main the  fame  ; this  great  fource  of  light  and 
life  can  never  be  extinguiftied  or  exhaufted, 
for  the  other  funs,  which  alfo  continually  dart 
forth  their  fires,  conftantly  reftore  to  our  fun 
as  much  light  as  they  take  from  him.  Comets 
are  more  numerous  than  the  planets,  and  like 
them  depend  on  the  power  of  the  fun  ; they 
alfo  prefs  on  the  common  focus,  and  by  aug- 
menting the  weight  incrcafc  the  inflammation. 
They  may  alfo  be  faid  to  form  a part  of  our 
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iiniverfe,  for,  like  the  planets,  they  are  fubje£l 
to  the  attraftion  of  the  fun.  But  in  their  pro- 
jedlile  and  impelled  motions  they  have  nothing 
in  common  either  with  each  other  or  with  the 
planets.  Every  one  of  them  circulates  in  a 
different  plane,  and  they  each  defcribe  orbits  in 
different  periods  of  time  ; for  fome  perform 
their  revolutions  in  a few  years,  while  others 
require  feveral  centuries.  The  fun,  juft  mov- 
ing round  his  own  centre,  remains,  in  other 
refpedls,  properly  at  reft  in  the  midft,  and,  at 
the  fame  time,  ferves  as  a torch,  a focus,  and 
an  axis,  to  all  and  every  part  of  this  wonderful 
machine. 

That  the  fun  continues  immoveable,  and  re- 
gulates the  motions  of  the  other  globes,  is  to  be 
afcribed  to  his  magnitude  alone.  The  force 
of  attraftion  being  in  proportion  to  the  mafs  of 
matter ; as  the  fun  is  fo  confiderably  larger 
than  any  of  the  comets,  and  contains  above  a 
thoufand  times  more  matter  than  the  moft  ex- 
tenfive  planet,  they  can  neither  derange  him 
nor  diminifh  his  influence,  which  extending  to 
immenfe  diftances  keeps  the  whole  within  the 
bounds  of  his  power,  and  thus  at  particular 
periods  recalls  thofe  which  have  ftretched  far- 
theft  into  the  regions  of  fpace.  Some  of  thefe, 
on  being  brought  back,  approach  fo  near 
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the  fun,  that  after  having  cooled  for  ages  they 
undergo  an  inconceivable  degree  of  heat.  From 
experiencing  thefe  alternate  extremes  of  heat 
and  cold,  they  are  fubjeft  to  fingular  vicifli- 
tudes,  as  well  as  from  the  inequalities  of  their 
motions,  which  at  fome  times  are  mod  amaz- 
ingly rapid,  and  at  others  fo  infinitely  flow  as 
to  be  fcarcely  perceptible.  In  comparifon  with 
the  planets  the  comets  may  be  confidercd  as 
worlds  in  diforder,  for  to  them  the  orbits  of  the 
planets  are  regular,  their  movements  equal, 
their  temperature  always  the  fame  ; they  appear 
to  be  places  of  reft,  where,  every  thing  being 
permanent.  Nature  has  the  power  of  eftablifh- 
ing  an  uniform  plan  of  operation,  and  fuc- 
ceftively  to  mature  her  various  produdlions. 
Among  the  planets  the  Earth,  which  we  in- 
habit, feems  to  polfefs  peculiar  advantages ; 
from  being  lefs  diftant  from  the  fun  than 
Saturn,  Jupiter,  and  Mars,  it  does  not  ex- 
perience that  excefs  of  cold  ; nor  is  it  fo 
fcorched  as  Venus  and  Mercury,  which  appear 
to  revolve  in  an  orbit  too  near  the  body  of  that 
luminary.  Befides,  what  a peculiar  magnifi- 
cence from  Nature  does  the  earth  enjoy  r A 
pure  light,  gradually  extending  from  eaft  to 
weft,  alternately  gilds  both  hemifpheres  of  this 
globe  ; which  is  alfo  furrounded  with  a pure 
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tranfparent  element.  By  a mild  and  fertile 
heat  all  the  germs  of  exiftence  are  animated  and 
unfolded,  and  they  are  nourifhed  and  fupported 
by  a plentiful  fupply  of  excellent  waters.  Con- 
fiderable  eminences  difperfed  over  the  furface 
of  the  land,  not  only  check,  but  colleft  the 
moift  vapours  which  float  in  the  air,  and  give 
rife  to  perpetual  mountains.  Immenfe  cavi- 
ties evidently  formed  for  the  reception  of  thofe 
waters,  feparate  iflands,  and  continents.  The 
fea  in  extent  is  equal  to  that  of  the  land : nor 
is  this  a cold  and  barren  element,  but  a new 
empire,  no  lefs  rich  and  no  lefs  furnilhed  with 
inhabitants.  By  the  finger  of  the  Almighty 
are  the  limits  of  the  Avaters  marked  out.  If 
the  fea  encroaches  on  the  weftern  fliores,  it 
retreats  from  thofe  of  the  eaft.  This  great 
mafs  of  water,  though  inadlive  of  itfelf,  is  agi- 
tated, and  put  in  motion  by  the  influence  of  the 
celeftial  bodies,  and  from  which  arifes  its  regu- 
lar and  conftant  flux  and  reflux  ; it  rifes  and 
falls  with  the  courfe  of  the  moon,  and  is  al- 
ways at  the  highefl:  when  the  a(9:ion  of  the  fun 
and  moon  concurs,  and  it  is  from  thefe  caufes 
uniting  at  the  time  of  the  equinoxes,  that  the 
tides  are  then  higher  than  at  any  other  time  ; 
and  this  is  certainty  the  ftrongeft  mark  of  the 
connexion  cf  this  globe  with  the  heavens.  Thefe 
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general  and  conflant  motions  are  the  caufe 
many  variable  and  particular  circumflances ; 
it  is  by  thofe  that  the  tranfportations  of  the 
earth  is  occafioned,  which  falling  in  the  form 
of  fediment,  produces  mountains  at  the  bottom 
of  the  fea,  fimilar  to  thofe  which  are  on  the 
furface  of  the  land  ; they  alfo  give  rife  to  cur- 
rents, which  following  the  diretflion  of  thefe 
chains  of  mountains,  bellow  on  them  a figure, 
whofe  angles  correfpond,  and  maintaining  a 
courfe  in  the  midft  of  the  waves  as  waters  run 
upon  land,  they  may  be  confidered,  in  ta£l,  as 
fca-rivers. 

Tlie  Air  being  lighter  and  more  fluid  than 
water,  is  ftibjc£l  to  the  influence  of  a greater 
number  of  powders.  It  is  conflantly  agitated 
by  the  efFcels  of  the  fun  and  moon,  by  the 
immediate  aftion  of  the  fea,  and  by  the  rare- 
fadlion  and  condenfation  of  heat  and  cold.  The 
winds  are,  as  it  may  be  faid,  its  currents  ; they 
force  and  colledl  the  clouds,  they  give  rife  to 
meteors,  and  tranfport  the  moift  vapours  of 
the  ocean  to  the  ftirfaces  of  iflands  and  conti- 
nents ; from  them  proceed  ftorms,  and  they 
diffufe  and  diflribnte  the  fertile  dews  and  rains 
over  the  land  ; they  interfere  with  the  regular 
motions  of  the  fea,  agitate  the  waters,  fome- 
times  flop,  and  at  others  precipitate  the  cur- 
rents, 
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rents,  elevate  the  waves,  and  excite  dreadful 
ftorms  and  tempefts.  Forced  by  them  the 
troubled  ocean  rifes  towards  the  heavens,  and 
with  a tremendous  noife  and  violence,  rulhes 
againft  thofe  immoveable  barriers,  which  it 
can  neither  deftroy  nor  furmount. 

The  Earth  being  elevated  above  the  level  of 
the  fea,  is  thus  defended  againft  its  eruptions. 
Its  furface  is  beautifully  enamelled  v/ith  vari- 
ous flowers,  and  a conftant  renewing  verdure  ; 
it  is  inhabited  by  numberlefs  fpecies  of  inha- 
bitants, and  where  man,  placed  to  aflift  the  in- 
tentions of  Nature,  prefides  over  every  other 
being,  finds  a place  of  perfedl  repofe,  and  a 
delightful  habitation.  He  alone  is  endowed 
with  knowledge,  and  dignified  with  the  faculty 
of  admiration  ; the  Almighty  has  rendered  him 
capable  of  diftinguiftiing  the  wonders  of  the 
univerfe,  and  a witnefs  of  his  increafing  mi- 
racles. Animated  by  a ray  of  divinity,  he  par- 
ticipates the  myfteries  of  the  Deity.  It  is  by 
this  ray  that  he  is  enabled  to  think  and  refleFr, 
and  that  he  perceives  and  underftands  the  won- 
derful works  of  his  Creator. 

The  external  throne  of  the  Divine  mag- 
nificence is  Nature  ; while  man,  by  contem- 
plating her,  advances  by  degrees  to  the  internal 
throne  of  the  Almighty.  He  is  formed  to 
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adore  his  Creator,  and  to  have  dominion  over 
every  other  creature  ; he  is  the  vaflTal  of  heaven, 
and  the  lord  of  the  earth  ; by  him  this  nether 
globe  is  peopled,  ennobled,  and  enriched  ; he 
cftabliflics  order,  fubordination,  and  harmony 
among  living  beings,  and  even  to  Nature  hcr- 
felf  he  gives  polilh,  extcnfion,  cultivation,  and 
cmbellinimcnt  ; for  he  cuts  down  the  thiftle 
and  bramble,  and,  by  his  care,  multiplies  the 
vine  and  the  rofe.  In  thofc  dreary  defarts 
where  man  has  not  inhabited,  wc  find  them 
over-run  with  thorns  and  briars ; the  trees  de- 
formed, broken,  and  corrupted,  and  the  feeds 
which  ought  to  renew  and  embellilh  the  fcenc, 
are  choaked  by  furrounding  rubbifh,  and  re- 
duced to  flerility.  Nature,  who,  in  other  fitua- 
tions,  we  find  adorned  with  the  fplendour  of 
youth,  has  here  the  appearance  of  old  age  and 
decrepitude.  Here  the  earth,  overloaded  with 
the  fpoils  of  its  produdiions,  inftead  of  pre- 
fenting  a fcenc  of  beautiful  verdure,  exhibits 
only  a rude  mafs  of  coarfe  herbage,  and  trees 
loaded  with  parafitical  plants,  as  lickens,  aga- 
rics, and  other  impure  and  corrupted  fruits  ; 
the  low  grounds  are  covered  with  putrid  and 
ftagnating  waters;  thefe  miry  lands  being  nei- 
ther folid  nor  fluid,  are  not  only  impaflable,btit 
are  entirely  ufelefs  to  the  inhabitants  of  both 
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land  and  water  ; and  the  marfhes  abounding 
with  {linking  aquatic  plants,  ferve  only  to  nou- 
rilh  venomous  infe£ls,  and  to  harbour  infedlious 
animals.  There  is,  befides,  between  the  pu-* 
trid  marfhes  of  the  low  grounds,  and  the  de- 
c>ayed  forefts  of  the  high  parts  of  the  country,  a 
fpecies  of  lands,  or  favannas,  but  which  are 
very  diiferent  to  our  meadows ; for  in  them  there 
is  an  abundance  of  noxious  herbs  which  fpring 
up,  and  check  the  growth  of  the  ufeful  kinds : 
inftead  of  that  delicate  enamelled  turf,  which 
may  be  confidered  as  the  down  of  the  earth, 
they  are  covered  over  with  coarfe  vegetables 
and  hard  prickly  plants,  which  are  fo  inter- 
woven, that  they  appear  to  have  more  connec- 
tion with  each  other,  than  with  the  foil ; and 
by  a conftant  and  fucceffive  fpringing  up,  at 
length  form  a kind  of  rough  mat  feveral  feet 
thick.  In  thefe  Uncultivated  and  defolate  re- 
gions, there  is  no  road,  no  communication,  and 
no  veftige  of  intelligence.  Man,  when  feek- 
ing  to  deftroy  the  wild  beads,  is  under  the  ne- 
ceflity  of  following  their  tracks,  and  is  obliged 
to  be  on  the  conftant  watch,  left  he  fhould 
become  a vidlim  to  their  favage  fury;  alarmed 
and  terrified  by  their  frequent  roarings,  and 
even  awed  by  the  profound  filence  of  thofe 
dreary  folitudes,  he  flirinks  back  and  exclaims ; 
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‘‘  Uncultivated  Nature  is  hideous  and  un« 
“ flouridting  ; it  is  I alone  who  can  render 
“ her  agreeable  and  vivacious.  Let  us  drain  the 
“ marlhcs,  and  give  animation  to  the  waters^ 
“ by  converting  them  into  brooks  and  canals  ; 
“ let  us  make  ufe  of  that  a£livc  and  devouring 
“ element,  vvhofc  power  we  have  difeovered  ; 
“ let  us  apply  lire  to  this  burthenfomc  load  of 
“ vegetables,  and  to  thofe  decaying  foreds 
“ w'hicb  are  already  half  dedroyed  ; let  us 
“ complete  the  work  by  dedroying  with  iron 
“ what  cannot  be  diflipated  by  fire  ; and  then 
“ inftead  of  coaiTe  reeds  and  w'atcr-lillies,  from 
“ which  the  load  is  faid  to  extra£x  his  poifon, 
“ we  diall  foon  behold  the  ranunculus, trufilcs, 
“ and  other  mild  and  falutary  herbs  fpring  up; 
“ that  land,  which  was  formerly  impadable, 
“ will  become  a.  fiouridiing  padure  for  flocks 
“ of  cattle,  where  they  will  find  plenty  of 
“ food,  a never-failing  fupply,  and  where,  by 
“ the  excellence  of  their  fudcnance,  they  wdll 
“ increafe  and  multiply,  and  thus  reward  us 
“ fur  our  labours  and  the  protedlion  we  have 
“ given  them.  Let  us  dill  go  farther,  and 
“ fubject  the  ox  to  the  yoke,  let  his  flrength 
“and  weight  of  body  be  employed  to  plough 
“the  ground,  which  acquires  frcdi  vigour 
“ from  culture.  Thus  will  the  operations  of 
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Nature  be  aflifted,  and  acquire  double 
“ ftrength  and  fplendor  from  the  fldll  and  in- 
“ duftry  of  man.” 

How  beautiful  is  cultivated  Nature  ! How 
beautiful  does  Ibe  appear  when  decorated  by  the 
hand  of  man  ! He  is  himfelf  her  chief  orna- 
ment, her  nobleft  production,  and  by  multi- 
plying his  own  fpecies  he  increafes  the  moft 
precious  of  her  works.  She  even  feems  to 
multiply  in  proportion  with  his  attention,  for 
by  his  art  he  devclopes  all  file  has  concealed 
in  her  bofom.  What  a fource  of  unknown 
treafures  has  been  brought  to  light  1 flowers, 
fruits,  and  grains,  matured  to  perfection,  and 
multiplied  to  inanity  ; the  ufual  fpecies  of 
animals  tranfported,  propagated,  and  increafed, 
without  number  ; the  noxious  and  deitructive 
Jcinds  diminiflied  and  driven  from  the  habita- 
tions of  men  ; gold,  and  iron,  a mofe  ufeful 
metal,  extracted  from  the  bowels  of  the  earth  ; 
torrents  reflrained,  rivers  direCted  in  their 
courfes  and  confined  within  their  banks,  and 
even  the  ocean  itfelf  fubdued,  invefligated  and 
traverfed  from  one  hemifphere  to  the  other ; the 
earth  rendered  aCtive,  fertile,  and  acceflrble,  in 
every  part  ; the  vallies  and  plains  changed  into 
blooming  meadovys,  rich  pallures,  and  culti- 
vated fields  j the  hills  furrounded  with  vines 
X X 2 and 
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and  fruits,  and  their  fummits  crowned  wkli 
iifeful  trees ; the  defarts  converted  into  popu- 
lous cities,  whofc  inhabitants  fpread  from  its 
centre  to  its  utnioft  extremities ; roads  and  com- 
munications opened,  eOablilhed,  and  frequent- 
ed, as  fo  many  proofs  of  the  union  and  ftrength 
of  fociety.  There  are  alfo  a thoufand  other 
monuments  of  pow'er  and^/ory,  which  clearly 
demonftrate  that  man  is  the  lord  of  the  earth  ; 
that  he  has  changed  and  improved  its  furfaces  ; 
and  that  from  the  earlieft  periods  of  time  he 
alone  has  divided  the  empire  of  the  world  be- 
tween him  and  Nature. 

It  is  by  the  right  of  conqueft,  however,  that 
he  reigns,  for  he  rather  enjoys  than  poflelfes, 
and  it  isbyconftant  and  perpetual  a£livity  and 
vigilance  that  he  preferves  his  advantage,  for 
if  thofe  are  ncgleded  every  thing  languilhes, 
changes,  and  returns  to  the  abfolute  dominion 
of  Nature.  She  refumes  her  power,  dellroys 
the  operations  of  man  ; envelopes  with  mofs 
and  dull  his  moll  pompous  monuments,  and  in 
the  progrefs  of  time  entirely  effaces  them,  leav- 
ing man  to  regret  having  loft  by  his  negli- 
gence what  his  anceftors  had  acquired  by  their 
induftry.  Thofe  periods  in  w'hich  man  lofes 
his  empire,  thofe  ages  in  which  every  thing  va- 
luable perifhes,  commence  with  war,  and  are 
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completed  by  famine  and  depopulation.  Al- 
though the  ftrengih  of  man  depends  folely  upon 
the  union  of  numbers,  and  his  happinefs  is  de- 
rived from  peace,  he  is,  neverthelefs,  fo  regard- 
lefs  of  his  own  comforts  as  to  take  up  arms  and 
to  fight,  which  are  never-failing  fources  of 
ruin  and  mifery.  Incited  by  infatiable  avarice, 
or  blind  ambition,  which  is  ftill  more  infa- 
tiable, he  becomes  callous  to  the  feelings  of 
humanity  ^ regardlefs  of  his  own  welfare,  his 
whole  thoughts  turn  upon  the  deftruftion  of 
his  own  fpecies,  which  he  foon  accomplifhes. 
The  days  of  blood  and  carnage  over,  and  the 
intoxicating  fumes  of  glory  difpelled,  he  be- 
holds, with  a melancholy  eye,  the  earth  def- 
lated, the  arts  buried,  nations  difperfed,  an  en- 
feebled people,  the  ruins  of  his  own  happinefs, 
and  the  lofs  of  his  real  power. 

Omnipotent  God!  by  whofe  prefence  Nature 
is  fupported,  and  harmony  among  the  laws  of 
the  univerfe  maintained  ; who  feeft  from  thy 
immoveable  throne  in  the  Empirean  all  the  ce- 
leftial  fpheres  rolling  under  thy  feet  without 
deviation  or  diforder;  who,  from  the  bofom  of 
repofe,  every  inftant  reneweft  their  vaft  move- 
ments, and  who  alone  governs  in  profound 
peace  an  infinite  number  of  heavens  and  of 
earths,  reftore,  rcftore  tranquillity  to  a troubled 
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world ! Let  the  earth  be  filent  ! Let  the  pre- 
fumptiioiis  tumults  of  war  and  difeord  be  dif- 
pclled  by  the  found  of  thy  voice ! Merciful 
Cod  ! author  of  all  beings,  whofe  paternal  re- 
gards extend  to  every  created  objedf  ; but  man 
is  thy  principal  favourite ; thou  haft  illuminated 
his  mind  with  a ray  of  thy  immortal  light,  pe- 
netrate alfo  his  heart  with  a (haft  of  thy  love  ; 
thy  divine  fentiment,  when  univerfally  difFufed, 
will  unite  the  moft  hoftile  fpirits;  man  will  no 
longer  be  apprehenftve  of  the  afpedf  of  man, 
nor  will  his  hand  any  longer  continue  to  be 
armed  with  murdering  ftetl  ; the  devouring 
flames  of  war  will  no  longer  ftop  the  fourccs  of 
generations;  the  human  fpecies,  which  arc  now 
weakened,  mutilated,  and  prematurely  mowed 
down  thereby,  will  germinate  anew,  and  mul- 
tiply without  number.  Nature,  groaning  un- 
der the  prefTiire  of  calamity,  fterile  and  aban- 
doned, with  additional  vigour  will  foon  refuino 
her  former  fecunditv;  and  wc,  beneficent  God, 
ftiall  aid,  cultivate,  and  inccilhntly  contemplate 
her  operations,  that  we,  at  every  moment,  may 
be  enabled  to  offer  thee  a freft;  tribute  of  gra- 
titude and  admiration. 
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SECOND  VIEW. 


Of  whatever  kind,  or  however  numerous,  in- 
dividuals are  of  no  eflimation  in  the  univerfe  ; 
it  is  fpecies  alone  tiiat  arc  exiftences  in  Nature, 
for  they  are  as  ancient  and  permanent  as  her- 
felf.  To  have  a dear  and  diflind  idea  of  this 
fiibjed  we  mull:  not  confider  a fpecies  as  a 
colledlon  or  fuccelhon  of  hmilar  individuals, 
but  as  a whole,  independent  of  number  or 
time,  alvA'ays  adive,  and  always  the  fame  ; a 
whole  which  was  confdered  but  as  one  in  the 
works  of  the  creation,  and  therefore  conftitutes 
only  an  unit  in  Nature,  Of  thefe  units  the 
human  fpecies  is  to  be  placed  in  the  firft  rank; 
all  the  others,  from  the  elephant  to  the  mite, 
from  the  cedar  to  the  hyffop,  belong  to  the  fe- 
eond  and  third  orders.  Notwithflanding  they 
are  different  in  form,  fubffance,  and  even  life, 
yet  each  fuffains  its  appointed  deffination,  and 
fubfiffs  independent  of  others,  while  the  wiiole, 
in  a general  view,  reprefen's  animated  Nature, 
who  has  hitherto  fupported,  and  will  continue 
to  fupport,  herfeif  in  the  fame  manner  as  flie  is 
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feen  at  prefent.  Her  duration  is  not  to  be  efti- 
mated  by  a day,  a year,  an  age,  nor  any  given 
period  of  time,  for  time  itfelf  relates  only  to 
individuals,  to  beings  whofe  exiftence  is  limit- 
ed. It  is  not  fo  with  refpedf  to  fpecies,  for 
their  exiftence  is  conftant  ; their  permanence 
produces  duration,  and  their  differences  give 
rife  to  number.  It  is  in  this  light  we  muft 
confider  fpecies,  and  give  to  each  an  equal 
right  to  the  indulgence  and  fupport  of  Na* 
ture ; for  fo  ftie  has  certainly  confidered 
them,  by  beftowing  on  each  the  means  of  fub- 
fiftence,  and  of  exifting  as  long  as  herfelf. 

Let  us  now  confider  the  fpecies  as  having 
changed  places  with  the  individual.  Incur 
preceding  obfervations  we  have  feen  the  rela- 
tion Nature  holds  in  refpeft  to  man  ; let  us 
then  now  take  a view  in  what  light  fhe  would 
appear  to  a being  who  reprefented  the  whole 
human  fpecies.  We  perceive  that  in  the  fpring 
the  fields  renew  their  verdure,  the  buds  and 
flowers  expand,  the  bees  revive  from  their  ftate 
of  torpor,  the  fwallows,  &c.  return  to  our 
climates,  the  nightingale  chants  her  fong  of 
love,  the  lamb  frifks,  and  the  bull  lows  with 
defire,  and  all  animated  creatures  are  eager  to 
unite  and  multiply  their  fpecies  ; and  we  can 
then  have  no  ideas  but  thofe  of  repro- 
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du£lion  and  the  increafe  of  life.  But  when 
the  dark  feafon  of  cold  and  frofi;  approaches, 
ihefe  fame  beings  become  indifferent  to  and 
avoid  each  other  ; many  of  the  feathered  race 
defert  our  clime,  and  the  inhabitants  of  the 
waters  lofe  their  freedom  under  maffy  con- 
gelations of  ice  ; various  animals  dig  retreats 
for  themfelves  in  the  ground,  where  they  fall 
into  a ftate  of  torpor  ; the  earth  becomes  hard, 
the  plants  wither,  and  the  trees  deprived  of 
their  foliage  are  covered  with  frofi:  and  fnow  ; 
and  every  obje£l  excites  the  idea  of  languor 
and  annihilation,  Thefe  appearances,  how- 
ever, of  renovation  and  deflrudfion,  or  rather 
images  of  life  and  death,  although  they  feem 
general,  are  only  individual  and  particular, 
Man,  as  an  individual,  concludes  in  this  man- 
ner, but  the  being  whom  we  have  fuppofed  as 
a reprefentative  of  the  fpecies,  thinks  and 
judges  in  a manner  more  exalted  and  general  ; 
in  that  conftant  fucceflion  of  deftruftion  and 
renovation,  and  in  thofe  various  viciflitudes,  he 
perceives  only  permanence  and  duration.  The 
different  feafons  in  one  year  appear  to  him  the 
fame  as  thofe  of  the  preceding,  the  fame  as 
thofe  of  millions  of  ages.  The  animal  which 
may  be  the  thoufandth  in  the  order  qf  genera- 
tion is  the  fame  to  him  as  the  firft.  In  a 
Y y word, 
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word,  if  man  had  no  period  to  his  exiflcnce, 
and  if  all  the  beings  by  which  he  is  furroiinded 
exifled  in  the  fame  manner  as  they  do  at  pre- 
fent,  the  idea  of  time  would  vanilh,  and  the  in- 
dividual would  in  fa£l  become  the  fpecies. 

Let  us  then  confider  Nature  for  a few  mo- 
ments under  this  new  afpe£t.  Man  certainly 
comes  into  the  world  enveloped  in  darknefs. 
His  mind  is  equally  naked  with  his  body  ; he 
is  born  without  knowledge  and  without  de- 
fence, and  brings  nothing  with  him  but  palTive 
qualities.  The  imprellions  of  objects  he  is 
under  the  ncceility  of  receiving  on  his  organs  ; 
even  the  light  fliines  long  on  his  eyes  before 
he  is  able  to  recognize  it.  To  Nature  he  is, 
at  firft,  indebted  for  every  thing,  without  mak- 
ing her  any  return. » No  fooner,  how'cver, 
does  his  fenfes  acquire  ftrength  and  activity, 
and  he  can  compare  his  fenfations,  than  he  re- 
flects upon  the  univerfe;  he  forms  ideas,  which 
he  retains,  extends,  and  combines.  Man,  after 
receiving  inftruction,  is  no  longer  a Ample  in- 
dividual, for  he  then,  in  a great  meafure,  re- 
prcfents  the  whole  human  fpecies.  He  re- 
ceives from  his  parents  the  k.nowlcdge  which 
had  been  tranfmitted  to  them  from  their  fore- 
fathers ; and  thtis,  by  the  divine  arts  of  writing 
and  printing,  the  prefent  age,  in  fojne  fort,  be- 
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co'Tics  idemified  with  thofe  that  are  paft.  This 
accumulation  of  the  experience  of  many  cen- 
turies in  one  man,  alinofl:  extends  the  limits  of 
his  being  to  infinity.  He  is  born  no  more  than 
a fimple  individual,  like  other  animals,  capable 
only  of  attending  to  prefent  fenfations  ; but 
afterwards  he  becomes  nearly  the  being  we 
^fuppofed  to  reprefent  the  whole  fpecies,  he  reads 
what  has  paft,  fees  the  prefent,  and  judges  of 
the  future  ; and  in  the  torrent  of  time,  which 
carries  off  and  abforbs  all  the  individuals  of 
the  univerfe,  he  perceives  that  the  fpecies  are 
permanent,  and  Nature  invariable.  As  the 
relations  of  objects  are  always  the  fame,  to 
him  the  order  of  time  appears  to  be  nothing  ; 
he  confiders  the  laws  of  renovation  as  only 
counterbalancing  thofe  of  permanency.  An 
uninterrupted  fuccellion  of  fimilar  beings,  is, 
in  effect,  only  equivalent  to  the  perpetual  exill- 
ence  of  one  of  them. 

What  purpofes  then  are  ferved  by  this  im- 
menfc  train  of  generations,  this  profufion  of 
germs,  many  thoufands  of  which  are  aborttive 
for  one  that  is  brought  into  life  ? Does  not  this 
perpetual  propagation  of  beings,  which  are 
alternately  deftroyed  and  renewed,  uniformly 
exhibit  the  fame  feene,  and  occupy  the  fame 
proportion  of  Nature.  From  what  catife  prp- 
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ceeds  all  thefe  changes  of  life  and  death,  thefe 
laws  of  growth  and  decay,  all  thofe  individual 
vicJiflltudes,  and  reiterated  reprefentations  of 
the  fame  identical  thing  f They  certainly  arife 
from  the  very  eflence  of  Nature,  and  depend 
on  the  firrt  eftablilhment  of  the  univerfal  ma- 
chine ; the  whole  of  which  is  fixed  and  liable, 
but  each  of  its  parts  being  endowed  with  the 
power  of  motion,  the  general  movements  of 
the  cclcltial  bodies  have  produced  the  parti- 
cular ones  of  this  terrellrial  globe.  The  pene- 
trating forces  by  which  thefe  immenfe  bodies 
are  animated,  and  by  which  they  act  recipro- 
cally upon  each  other  at  a diflance,  at  the 
fame  time  animate  every  particle  of  matter;  and 
this  llrong  propenfity,  which  every  part  has 
towards  each  other,  is  the  firll  bond  of  beings, 
the  ground  of  confidence  and  permanency  in 
Nature,  and  the  fupport  of  harmony  in  the 
univerfe.  From  thefe  great  combinations  tlje 
fmaller  relations  are  derived.  The  earth  mov- 
ing on  its  own  axis  having  feparated  the  por- 
tions of  duration  into  day  and  night  ; all  its 
animated  inhabitants  have  their  dated  periods 
of  light  anddarknefs,  of  their  times  of  waking 
and  deeping.  The  action  of  the  fenfes,  and 
the  motions  of  the  members  which  form  a 
great  part  of  the  animal  economy,  are  related 
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to  this  firft  combination  ; for  in  a world  where 
perpetual  darknefs  reigned,  would  there  be 
fcnfes  alive  to  the  enjoyment  of  light  ? 

As  the  inclination  of  the  axis  of  the  earth, 
in  its  annual  courfi?  round  the  fun,  produces 
confiderable  variations  of  heat  and  cold,  which 
we  call  Seafons,  all  its  vegetables  have  alfo, 
either  wholly  or  partially,  their  feafons  of  life 
and  death.  The  fall  of  the  leaves,  and  the 
decay  of  fruits,  the  withering  of  herbs  and  the 
deftru£lion  of  infedls,  depend  entirely  on  this 
fecond  combination.  In  thofe  climates,  where 
there  is  not  this  variation,  by  the  inclination 
not  being  fo  material,  the  life  of  the  vegetable 
is  not  fufpended,  and  every  infedl  completes 
the  dated  period  of  its  exidence.  Where  the 
four  feafons,  in  fa£l,  make  but  one,  as  under 
the  line,  the  furface  of  the  earth  is  condantly 
covered  with  dowers,  the  trees  have  a perpe- 
tual foliage,  and  Nature  feems  to  enjoy  a con- 
tinual fpring. 

Both  in  animals  and  plants,  their  particular 
conditution  is  relative  to  the  general  tempera- 
ture of  the  earth,  and  which  temperature 
depends  upon  its  fituation  and  didance  from 
the  fun.  If  they  were  removed  to  a greater 
didance,  neither  our  animals,  nor  plants,  could 
live  or  vegetate ; the  water,  fap,  blood,  and 
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all  their  liquors,  would  lofc  their  fluidity  ; and 
if  they  were  more  near  they  would  vanilh  and 
didipate  in  vapour.  Ice  and  fire  arc  the  ele- 
ments of  death,  and  temperate  heat  the  firft 
fupport  of  life.  The  living  particles  fo  gene- 
rally diffufed  through  all  organized  bodies  are 
related,  not  only  by  their  aflivity  but  number^ 
to  the  particles  of  light  which  ftrike  and  pene- 
trate almoft  all  matter  with  their  heat  ; for  ii» 
every  place  where  the  fun  can  heat  the  earth, 
with  its  rays,  the  furfacc  will  be  covered  with 
verdure,  and  peopled  with  animals;  even  ice  is 
no  fooner  difl'olvcd  into  water  than  it  fwarms 
with  inliabitants.  Water,  indeed,  is  appa- 
rently more  fertile  than  the  earth  ; frn^m  h6at 
it  receives  motion  and  life.  In  one  feafon  the 
Tea  produces  more  animals  than  the  earth  fuf- 
lains,  but  its  produflions  of  vegetables  is  infi- 
nitely lefs.  And  it  is  from  this  circumflance, 
namely,  the  inhabitants  of  the  ocean  not  hav- 
ing a fufficient  and  permanent  fupply  of  vege- 
tables, that  they  feel  a ncceffity  for  feeding 
r.'pon  each  other  ; and  it  is  to  this  ncceflity 
that  their  immenfc  multiplication  may  be  re- 
ferred. 

As  in  the  beginning  every  fpecies 
was  created,  the  firft  individual  of  each 
has  ferved  for  a model  to  their  defeend- 
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ant9.  The  body  of  each  animal  or  vegetable 
is  a mould,  to  which  are  affimilated  indiffe- 
rently the  organic  particles  of  all  animals  or  ve- 
getables which  have  been  deftroyed  by  death, 
or  confumed  by  time.  The  brute  particles, 
qf  which  part  of  their  compofition  was  formed, 
returned  to  the  common  mafs  of  inanimate 
matter  ; but  the  organic  particles,  whofe  exift- 
ence  is  permanent,  are  again  refumed  by  orga- 
nized bodies  : they  are  extrafted  at  fixft  from 
the  earth  by  vegetables,  and  then  abforbed  by 
animals  who  feed  thereon  ; and  thus  ferve  for 
the  fu-pport,  growth,  and  expanfion  of  both. 
By  this  conflant  and  perpetual  circulation  from 
body  to  body,  they  ferve  to  animate  all  orga- 
nized beings.  Thefe  living  fubflances  in 
quantity  are  always  the  fame,  and  differ  only 
in  form  and  appearance.'  In  fertile  ages,  and 
when  population  is  the  greateft,  the  whole  fur- 
face  of  the  earth  feems  to  be  covered  W'ith 
men,  domeflic  animals,  and  ufeful  plants-  But 
in  the  times  of  famine  and  depopulation,  the 
ferocious  animals,  poifonous  infedls,  parafitical 
■plants,  and  ufelefs  herbs,  refume,  in  their  turn, 
dominion  over  the  earth.  To  man  thefe  changes 
are  material,  but  to  Nature  they  are  perfedily 
indifferent.  The  fdk  worm,  fo  ineftimable  to 
the  former,  is  to  the  latter  only  a caterpillar 
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of  the  mulberry  tree.  Tho’  this  caterpillar, 
which  fo  materially  alTifts  in  the  fupply  of  our 
luxuries,  fliould  difappear  ; though  the  plants, 
from  which  our  domeftic  animals  procure  their 
nourifhment,  ftiould  be  devoured  by  other  ca- 
terpillars ; though  ftill  others  fhould  deftroy 
the  fubflance  of  our  corn  before  the  harveft  j 
in  fhort,  though  man  and  the  larger  animals- 
fhould  be  ftarved  by  the  inferior  tribes.  Na- 
ture would  not  be  lefs  abundant  nor  lefs  alive  ; 
fhe  never  protefts  one  at  the  expence  of  ano- 
ther, but  equally  fupports  the  whole.  As  to 
individuals  fhe  is  regardlefs  of  number,  confi- 
dering  them  only  as  fucceflive  images  of  the 
fame  impreflion  ; as  pafTing  fhadows  of  which 
the  fpecies  is  the  fubftance. 

In  earth,  air,  and  water,  then,  there  exifts  a 
certain  quantity  of  organic  matter  which  can- 
not be  deftroyed,  but  which  is  conftantly  afli- 
milatcdin  a certain  number  of  moulds,  that  are 
perpetually  undergoingdeftruftion  and  renewal ; 
and  thefe  moulds,  or  rather  individuals,  though 
varying  in  number  in  every  fpecies,  are  never- 
thelefs  always  the  fame,  that  is  proportioned  to 
the  quantity  of  living  matter;  and  this  appears 
to  be  certainly  the  cafe,  for  if  there  were  any 
redundance  of  this  matter,  or  if  it  was  not  at 
all  times  fully  occupied  by  the  individuals  of 
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the  fpecies  which exift,  it  would,  moft  undoubt- 
edly, form  itfelf  into  new  fpecies,  for  being 
alive  it  would  not  remain  without  adlion  ; and 
once  uniting  with  brute  matter  is  fufficient  to 
form  organized  bodies  ; and  it  is  by  this  con- 
ftant  combination,  and  invariable  proportion, 
that  Nature  preferves  her  form  and  confiftence. 

The  laws  of  Nature,  both  with  refpeft  to 
the  number  of  fpecies  and  of  their  fupport  and 
equilibrium,  being  fixed  and  conftant,  Ihe 
would  invariably  have  the  fame  appearance, 
and  be  in  all  climes  abfolutely  the  fame,  if  her 
complexion  did  not  fo  completely  vary  in 
almoft  every  individual  form.  The  figure  of 
each  fpecies  is  an  impreffion,  in  which  the 
principal  charadlers  are  fo  ftrongly  engraven  as 
never  to  be  effaced  ; but  the  accelfory  parts  and 
fhades  are  fo  greatly  varied  that  no  two  indi- 
viduals have  a perfe£l  refemblance  to  each 
other  ; and  in  all  fpecies  there  are  a number 
of  varieties.  The  human  fpecies,  which  has 
Inch  fuperior  pretenfions,  varies  from  white  to 
black,  from  fmall  to  great,  &c.  The  Laplander, 
the  Patagonian,  the  Hottentot,  the  European, 
the  American,  and  the  Negro,  though  the  off- 
fpring  of  the  fame  parents,  have  by  no  means 
the  refemblance  of  brothers. 
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It  is  evident,  therefore,  that  all  fpecies  are 
fubjeft  to  individual  differences,  but  each  of 
them  do  not  equally  poffefs  the  conftant  varie- 
ties which  are  perpetuated  through  fucceflive 
generations ; the  more  dignified  the  fpecies  the 
lefs  changeable  is  its  figure,  and  thelefs  are  the 
varieties  of  it.  The  multiplication  of  animals 
being  inverfely  in  proportion  to  their  magni- 
tude, as  the  poffibility  of  variation  mufl;  be  in 
exafl;  proportion  to  the  numbers  they  produce, 
there  confequently  muft  be  more  varieties 
among  the  fmall  than  the  large  animals  ; and 
alfo,  for  the  fame  reafon,  there  will  be  a greater 
number  of  fpecies  which  feem  to  approach 
each  other,  for  the  unity  of  the  fpecies  in  the 
large  animals  is  more  fixed,  and  the  nature  of 
their  feparation  more  extended.  What  a num- 
ber of  various  and  fimilar  fpecies  furround 
thofe  of  the  fquirrel,  the  rat,  and  other  fmall 
quadrupeds,  while  the  maffy  elephant  ftands 
alone,  without  a compeer,  and  at  the  head  of 
the  whole. 

The  brute  matter,  of  which  the  body  of  the 
earth  is  principally  compofed,  is  a fubftance 
that  has  not  undergone  many  alterations  ; al- 
though the  whole,  by  the  hand  of  Nature,  has 
more  than  once  been  difturbed  and  put  in  mo- 
tion. 
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tion.  The  globe  of  the  earth  has  been  pene- 
trated by  fire,  and  afterwards  covered  and  dif- 
ordered  by  water.  The  fand,  which  occu- 
pies the  interior  parts  of  the  earth,  is  a vitri- 
fied matter  ; and  the  layers  of  clay,  by  which 
its  furface  is  covered,  are  nothing  but  the  fame 
fand  having  been  decompofed  by  the  operation 
of  the  waters.  Granate,  free-ftone,  flint,  nay, 
and  even  all  metals,  are  all  compofed  of  this 
fame  vitrified  matter,  whofe  particles  have  been 
condenfed  or  feparated,  according  to  the  laws 
of  their  affinity.  Thefe  fubftances  are  totally 
deftitute  of  animation  ; they  exift,  and  will 
continue  to  do  fo,  independent  of  animals  and 
vegetables.  There  are,  however,  many  other 
fubftances,  which,  although  they  have  the  ap- 
pearance of  being  equally  inanimate,  originate 
from  organized  bodies  ; and  of  this  defcription 
are  marble,  lime-ftone,  chalk,  and  marl ; they 
being  compofed  of  the  fragments  of  ftiells,  and 
of  thofe  fmall  animals  which,  by  transforming 
the  water  of  the  fea  into  ftone,  produce  coral, 
and  all  the  madrepores,  whofe  varieties  are  num- 
berlefs,  and  quantity  almoft  immenfe.  Pit- 
coal,  turf,  and  many  other  fubftances  found  in 
the  upper  ftrata,  are  alfo  of  this  nature,  they 
being  only  the  refidue  of  vegetables  which 
have  been  more  or  lefs  corrupted  or  confumed, 
Z z 2 Befides 
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Befides  thefe,  there  are  other  fubflances  which 
have  been  produced  by  the  fecond  adion  of 
fire  upon  original  matters  ; thefe  are  but  few 
in  number,  and  confift  of  fuch  as  pumice- 
llones,  fulphur,  the  fcoria  of  iron,  afbeftos,  and 
lava.  To  one  or  other  of  thefe  three  great 
combinations  may  be  referred  all  the  relations 
of  brute  matter,  and  all  the  fubftances  of  the 
mineral  kingdom. 

The  laws  of  affinity,  by  which  the  various 
particles  of  thefe  different  fubftances  feparate 
from  each  other,  in  order  to  unite  among  thcm- 
felves,  and  form  homogeneous  mafles,  are  per- 
feftly  fimilar  with  that  general  law  by  which 
the  celeftial  bodies  a£l  upon  each  other  ; in  both 
cafes  their  exertions  are  the  fame.  Globules 
of  water,  of  fand,  or  of  metal,  have  the  fame 
influence,  and  a£l  upon  each  other  as  the  earth 
acEls  upon  the  moon  ; and  if  the  laws  of  affinity 
have  hitherto  been  deemed  as  different  from 
thofe  of  gravity,  it  is  becaufe  the  fubjeil  has 
been  confidered  in  a very  confined  point  of 
view.  The  mutual  adlion  of  celeftial  bodies  is 
very  little  influenced  by  figure,  their  diftancc 
from  each  other  being  fo  very  great,  but  the  ef- 
fect of  figure  is  very  confiderable  where  they 
are  not  far  afunder.  For  inftance,  if  the  earth 
and  moon,  inftead  of  fpherical  figures,  were 

both 


KATURAL  HISTORY. 


357 


both  fliort  cylinders,  and  exactly  equal  through- 
out in  their  diameters,  their  reciprocal  action 
would  be  very  little  varied  from  what  it  is  at 
prefent,  becaufe  the  diftances  of  all  their  parts 
from  each  other  would  be  very  little  changed. 
But  if  thefe  two  globes  were  cylinders  of  great 
extent,  and  approached  near  each  other,  the 
law  of  their  reciprocal  action  would  feem  to 
be  different,  inafmuch  as  the  diftances  of  their 
parts  would  be  greatly  varied ; and  from  which, 
whenever  figure  becomes  a principal  in  dif- 
tance,  the  law  will  appear  to  vary,  although  in 
fadl  it  is  always  the  fame. 

The  human  intelledl,  guided  by  this  prin- 
ciple, may  advance  one  ftep  farther  in  pene- 
trating into  the  operations  of  nature.  The 
figure  of  the  conftitaent  particles  of  bodies  ftill 
remains  unknown  ; we  cannot  entertain  the 
fmalleft  doubt  that  water,  air,  earth,  metals, 
and  all  homogeneous  particles,  are  compofed 
of  elementary  particles,  which  are  perfedlly 
fimilar,  although  we  are  ftill  ignorant  of  their 
figure.  By  the  aid  of  calculation  this  at  pre- 
fent unknown  field  of  knowledge  may  be  dif- 
clofed  by  pofterity,  and  the  figure  of  the  ele- 
mentary bodies  be  afcertained  with  tolerable 
precifion.  They  may  take  the  principle  we 
jb^ve  eftablifhed  as  the  bafis  of  their  enquiry  ; 
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namely,  “ That  all  matter  is  attra£lcd  in  the 
“ inverfe  ratio  of  the  fquare  of  the  diftance ; 

“ and  this  law  feems  to  admit  of  no  variation 
“ in  particular  attradlions  but  what  arifes  from 
“ the  figure  of  the  conftituent  particles  of  each 
“ fubftance,  becaufe  this  figure  enters  as  an 
“ element  or  principle  into  the  diftance  and 
having  once  difeovered,  by  repeated  experi- 
ments, the  law  of  attradlion  in  any  particular 
fubftance,  they  may  then,  by  the  aid  of  calcu- 
lation, be  able  to  trace  the  figure  of  its  confti- 
tuent particles.  To  render  this  point  more 
clear,  let  us  fuppofe,  that  by  placing  mercury 
on  a pcrfe£lly  polilhed  furface,  repeated  expe- 
riments prove  that  this  fluid  metal  is  always  , 
attraded  in  the  inverfe  ratio  of  the  cube  of  the 
diftance  ; it  will  then  become  neceflary  to  in- 
veftigate  what  figure  gives  this  expreflion  ; 
and  this  figure  will  certainly  be  that  of  the  con- 
ftituent particles  of  mercury.  If  it  fhould  ap- 
pear, by  fuch  experiments,  that  the  attraction 
of  mercury  was  in  the  inverfe  ratio  of  the 
fquare  of  the  diftance,  it  would  be  clearly  de- 
monftrated  that  its  conftituent  particles  were 
fpherical,  becaufe  a fphere  is  the  only  figure 
which  obferves  this  law,  and  at  whatever  dif- 
tance globes  are  placed  the  law  of  their  attrac., 
tion  is  always  the  fame. 
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Newton  had  fome  idea  that  chemical  affini- 
ties (which  are  nothing  more  in  fact  than  thefe 
particular  attractions  we  have  mentioned)  were 
produced  by  the  fame  kind  of  laws  as  thofe  of 
gravitation ; but  he  does  not  appear  to  have 
perceived  that  all  thofe  particular  laws  were 
merely  fimple  modifications  of  the  general  one, 
and  that  their  appearing  to  differ  arofe  folely 
from  the  circumftance  of  the  figure  of  the 
atoms,  which  attract  each  other,  having,  when 
at  fmall  diftances,  a greater  influence  upon  the 
force  of  this  law  than  the  mafs  of  matter. 

It  is,  notwithftanding,  upon  this  theory  that 
the  perfect  knowledge  of  brute  matter  depends. 
The  bafis  of  all  matter  is  the  fame,  and  its 
form  throughout  would  be  perfectly  fimilar,  if 
the  figures  of  its  conflituent  particles  were  not 
different ; and  thus  it  is  that  one  homogeneous 
fubflance  can  differ  only  from  another  in  pro- 
portion to  the  difference  of  their  original  par- 
ticles. A body  compofed  of  fpherical  particles 
ought  to  be  one  half  fpecifically  lighter  than 
that  whofe  particles  are  cubical,  becaufe  as  the 
firft  only  touch  each  other  by  their  points 
they  leave  fpaces  between  equal  to  what  they 
occupy,  whereas  the  cubical  particles  join  with- 
out leaving  the  fmalleft  interval,  and  muff  con- 
fequently  form  a matter  half  as  heavy  again. 

Although 
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Although  the  figures  are  confiderably  varied, 
that  variation  is  by  no  means  fo  numerous  as 
we  might  imagine,  fince  Nature  has  fixed  the 
limits  of  levity  and  gravity.  Gold  and  air,  with 
refpect  to  denfity,  are  the  two  extremes,  and 
therefore  all  the  figures  in  Nature.muft  be  com- 
prehended as  coming  between  thofe  two;  fuch 
as  would  have  produced  heavier  or  lighter  fub- 
ftances  have  been  rejected. 

In  fpeaking  of  figures,  as  employed  by  Na- 
ture, I do  not  mean  to  imply  they  mufl:  be 
neceflarily,  or  are  exactly,  fimilar  to  thofe 
geometrical  figures  which  we  form  in  our 
imagination.  We  form  laws  by  fuppofition, 
and  then  endeavour  to  render  them  fimple  by 
abflraction.  It  is  very  pofiible  that  there  are 
neither  exact  cubes  nor  perfect  fpheres  in  the 
univerfe  ; but  as  certainly  nothing  exifts  with- 
out form,  and  as  from  the  variation  of  fub- 
ftances  the  figures  of  the  elements  are  different, 
fome  of  them  mofl:  undoubtedly  muft  approach 
to  the  fphere,  the  cube,  and  all  the  other  regu- 
lar figures  which  we  have  conceived.  The  pre- 
cife,  abfolute,  and  abflract,  which  our  minds 
are  fo  frequently  induced  to  admit,  cannot 
have  any  exigence,  becaufe  all  objects  are  relat- 
ed, differ  only  by  almoft  imperceptible  fhades, 
and  are  allied  by  proximation.  It  is  by  the 
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fame  rule  that  when  I fpeak  of  one  fubftance 
as  being  entirely  full,  becaufe  compofed  of  cu- 
bical particles,  and  another  as  being  not  more 
than  half  full,  becaufe  its  parts  are  fpherical, 
I mean  only  comparatively,  and  not  that  fuch 
fubftances  really  exift;  for  experience  has  fully 
informed  us,  that  in  tranfparent  bodies,  fuch  as 
glafs,  which  is  both  denfe  and  heavy,  there  is 
but  a fmall  quantity  of  matter  in  proportion  to 
the  extent  of  the  intervals ; nav,  as  we  have 
before  obferved,  it  might  be  demonftrated 
that  even  gold,  which  is  the  moft  denfe  fpe- 
cies  of  matter,  has  more  vacuities  than  fub- 
ftance. 

To  inveftigate  the  powers  of  Nature  is  the 
object  of  rational  mechanics,  while  actual  me- 
chanics is  folely  confined  to  a combination  of 
particular  powers,  and  confequently  the  art  of 
conftructing  machines.  This  art  has  at  all 
times  been  fecure  of  cultivation  from  neceffity 
and  convenience  ; and  both  ancients  and  mo- 
derns have  equally  excelled  in  it.  But  rational 
mechanics  is  a fcience  invented  in  our  days,  for 
from  the  days  of  Ariftotle  to  thofe  of  Defcartes, 
even  the  philofophers  have  reafoned  no  better 
upon  the  nature  of  motion,  but  have  uniformly 
miftaken  the  effect  for  the  caufe.  Impulfion 
was  the  only  force  with  which  they  were  ac- 
voL.  X.  A a a quainted 
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quainted,  to  which  they  attributed  the  effects 
of  others,  and  referred  to  it  all  the  phenomena 
of  the  univerfe.  If  this  idea  of  theirs  had  been 
probable,  or  even  poflible,  impulfion  which  they 
regarded  as  the  foie  caufe,  miifl;  have  been  a 
general  effect,  which  equally  belonged  to  all 
matter,  and  which  equally  exerted  itfelf  in  all 
places,  and  at  all  times;  but  every  day  demon- 
flrated  the  contrary  to  be  the  fact  ; for  they 
mufl:  have  perceived  that  this  force  had  no  exift- 
ence  in  bodies  at  reft  ; that  it  had  but  a fhort 
fubfiftence  in  projedled  bodies,  being  foon  de- 
ftroyed  by  refiftance  ; that  a frefh  impulfe  was 
abfolutely  neceffary  for  its  renewal,  and  that, 
confequently,  fo  far  from  being  a general  caufe, 
it  was  only  a particular  effect  produced  by 
others  more  general. 

It  is,  hov/cver,  true,  that  we  ought  to  confi- 
der  a general  effedl  as  a caufe,  for  we  cannot  be 
acquainted  with  the  real  caufe  of  thiseffedl,  bc- 
caufe  all  our  knowledge  is  derived  from  com- 
parifon  ; and  as  there  is  not  any  thing  to  which 
we  can  compare  an  effedf,  which  is  fuppofed 
general  and  equally  belonging  to  every  thing, 
we  can  know  it  only  by  the  fact.  According 
to  this  view,  attraction,  or  gravity,  being  a ge- 
neral effect  common  to  all  matter,  and  clearly 
evinced  by  the  fact,  ought  to  be  confidered  as 
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a caufe  ; and  to  which  all  particular  caufes 
Ihould  be  referred,  nay  even  that  of  impulfion, 
fince  it  is  lefs  general  and  lefs  conftant  ; and 
the  principal  difficulty  is  to  perceive  how  im- 
pulfion can  be  an  effect  of  attraction  ; for  if 
we  reft  on  the  communication  of  motion  by 
impulfe,  we  are  then  perfuaded  that  it  can  only 
be  tranfmitted  from  one  body  to  another  by 
elafticity,  and  that  all  the  hypothefes,  which 
fuppofe  a communication  of  motion  in  hard 
bodies,  are  mere  ideal  fancies,  which  do  not 
exift  in  Nature.  A perfectly  hard  or  a per- 
fectly elaftic  body  is  entirely  imaginary,  as 
neither  of  them  really  exift  ; for  it  is  certain 
that  nothing  exifts  abfolutely  or  in  extreme  ; 
and  the  idea  of  perfection  muft  fuppofe  one  or 
the  other. 

It  is  certain  that  if  there  was  no  elafticity  in 
matter  there  would  be  no  impulfive  force  ; for 
inftance,  if  we  throw  a ftone,  the  motion  it 
acquires  is  communicated  by  the  elafticity  of 
the  arm.  When  motion  is  communicated  by 
one  body  in  action  encountering  another  at 
reft,  how  can  we  poffibly  fuppofe  it  to  be  done 
than  by  compreffing  the  fpring  of  the  elaftic 
particles  it  contains,  which  almoft  immediately 
after  recovering  itfelf  gives  to  the  whole  mafs 
an  equal  force  to  that  which  it  received.  How 
A a a 2 a perfectly 
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a perfectly  hard  body  fhoiild  admit  this  force, 
or  receive  motion,  is  beyond  comprchenfion  ; 
and  the  enquiry  is  unnecelTary,  lince  no  fuch 
body  exifts;  for,  on  the  contrary,  all  bodies  are 
endowed  with  elallicity.  The  force  of  elec- 
tricity is  proved  by  experiments  to  be  elaflic, 
and  to  belong  to  matters  in  general ; and  there- 
fore if  no  other  elallicity  cxifted  in  the  interior 
parts  of  bodies  but  tltat  of  this  electrical  matter, 
that  would  be  fufficient  for  the  communication 
of  motion  ; and,  confequently,  to  this  great 
fpring  as  a general  effect,  the  particular  caufe 
of  impulfion  mull  be  attributed. 

A little  reflection  on  the  mechanifm  of  elafti- 
city  will  convince  us  that  its  force  depends  on 
that  of  attraction.  To  have  a Hill  more  clear 
idea  of  this  fubject,  let  us  fuppofe  a fpring  of 
the  moll  Ample,  fuch  as  of  a folid  angle  of 
iron,  or  of  any  other  hard  fubllance,  and  then 
fee  what  will  be  the  refult  of  comprefling  it. 
By  comprelAon  we  oblige  the  parts  adjacent 
to  the  top  of  the  angle  to  bend,  or  to  feparatc 
a little  from  each  other  ; but  the  preflure  being 
removed  they  again  approach  as  near  as  they 
had  done  before.  Their  adhefion,  from  which 
the  coheflon  of  bodies  refults,  is  clearly  an 
effect  of  their  mutual  attraction.  Upon  the 
fpring  being  prefled  this  adhcAon  is  not  de- 
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ftroyed,  becaufe,  although  the  particles  are  fe- 
parated,they  are  not  removed  beyond  the  fphere 
of  their  mutual  attraction  ; confequently  the 
moment  the  preffure  is  taken  away  the  force  is 
renewed,  the  feparated  parts  draw  near,  and 
their  fpring  is  reftored.  But  if  the  preflTure  is 
too  violent,  they  will,  in  that  cafe,  be  removed 
beyond  the  fphere  of  their  attraction,  and  the 
fpring  will  break,  becaufe  the  comprefTing 
force  w'ill  have  been  greater  than  that  of  co- 
hefion,  or  that  of  mutual  attraction,  by  which 
the  particles  are  kept  together.  This  proves 
that  elafticity  can  only  exert  itfelf  in  propor- 
tion to  the  cohefion  of  the  particles  of  matter, 
that  is,  in  proportion  as  they  are  united  by  the 
force  of  their  mutual  attraction  ; from  which 
it  refults,  that  elafticity  in  general,  which  alone 
can  produce  impulfion,  and  impulfion  itfelf, 
are  owing  to  the  force  of  attraction,  and  are 
only  particular  effects  which  depend  on  that 
general  one. 

Notwithftanding  thefe  ideas  appear  to  be  per- 
fectly clear  to  me  .1  do  not  expect  to  fee  them 
adopted.  The  people  in  general  reafon  only 
from  their  fenfations,  and  natural  philofophers 
determine  from  their  prejudices ; as,  therefore, 
both  thefe  muft  be  fet  afide,  very  few  will  re- 
main to  form  a proper  judgment  ^ but  fuch  is 

the 
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the  ftate  of  Truth,  (he  is  content  with  a few 
admirers,  and  is  always  loft  in  a crowd  ; (he  is 
at  all  times  auguft  and  majeftic,  notwithftand- 
ing  which  (he  is  frequently  obfcured  by  fantaf- 
tic  opinions,  and  obliterated  by  fanciful  chi- 
meras. I,  however,  view  and  underftand  Na- 
ture in  this  manner,  (and  am  almoft  induced  to 
believe  (lie  is  dill  more  (imple)  the  phenomena 
exhibited  by  brute  matter  is  caufed  by  a fingle 
force,  and  from  this  force,  combined  with  that 
of  heat,  originate  thofe  living  particles  which 
gave  rife  to,  and  fupport  all,  the  various  c(fe£ls 
of  organized  bodies. 
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